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memorial to thirty-five years of sympathetic colleagueship in University 
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PREFATORY NOTE 


L’ antropologia inglese abdicando, com’ ha fatto, nelle mani della facile etnografia 
descrittiva ha segnato la propria diminutio capitis, e non conta pid nella scienza. 
GIuFFRIDA-Ruaaert, 1905. 


T is very difficult to write a prefatory note to a work which has been as many 
years in progress as this Monograph on the English Long Bones. It started 
merely with the intention of illustrating the application of biometric methods to a 
special field of anthropometric inquiry. But, what was necessary twelve or thirteen 
years ago—especially in view of Professor Giuffrida-Ruggeri’s charges against English 
Anthropology, perhaps true in 1890, but absolutely false in 1905—has long ceased to 
be necessary in 1919. Physical Anthropology worthy of the name has adopted biometric 
methods in the interval, whether we look to our own country and America, or to the 
continent, notably to Russia, or even to Germany, although there still remain there, 
as in-a less degree in other countries, anthropometricians who believe elementary 
arithmetic an adequate training for their science. Twelve years is a long period in 
modern scientific progress and in the course of this work the lines of thought on which 
it was planned have themselves been developed, and the interests of its cooperators 
widened and extended until it might be better termed a monograph on the primate 
long bones. This very development, however, gives the publication an unbalanced 
character ; while it has been possible to determine 80 to 100 characters on one bone 
of the skeleton of 800 individuals of one primate species, Man, it has of course not 
been possible to obtain equivalent series for each individual primate species. Our 
study of primogenial man, and of the lemuroids, lesser apes and anthropoids, has largely 
depended on what casts and skeletons we could ourselves procure. During the past 
four years, when this memoir has been passing through the press, the workers of the 
Biometric Laboratory staff have been occupied much more with national defence than 
with osteometry. Biometric studies could only be carried on in brief intervals of rest 
taken from the computation of machine gun-sights for use against low flying airplanes, 
from the construction of gun charts and high angle range tables for protection against 
aircraft, or from other problems of like war-urgency. Under such circumstances, when 
travel was impossible, much that we have desired to do has remained and must remain 
undone. Again, the sums set apart originally for the publication of this memoir have 
proved, owing to the enormous increase in cost of production, wholly inadequate to 
carry out the full scheme. We have been compelled, in opposition to the fundamental 
principle of this Laboratory, to omit the great bulk of the frequency-distributions and 
of the correlation tables for the 17th Century London femora. We can only hope that 
it may be feasible to issue them with a later part of the monograph; but of this we are 
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not very hopeful for the grant to the Laboratory has been reduced, and its financial 
future, with the necessary increase in salaries and in printing costs arising from war 
changes, must mean a much lessened staff and a lessened production, if we fail to obtain 
further outside appreciation and assistance for our work in the stringent times to come. 

The earlier stage of this memoir embraces the first five chapters—these chapters 
are essentially an illustration of the application of biometric methods to the study of 
a single long bone. With the remaining Chapter of Part I the transition begins, for 
as we started to study the individual characters of the human femur, we found our- 
selves led on to consider not only such characters in other races than the English, but 
also in the anthropoids and ultimately in a wide range of primates, although we were 
compelled to limit ourselves to a few specimens of each genus. This transition was 
completed when the second half of Chapter VI was written, and in Chapters VII to 
X of Part II the reader will find in the discussion of every individual character the 
values for each primate genus dealt with. This fuller treatment we think may increase 
the interest of the whole and emphasise what we feel to be a very important point, 
namely that the anthropometrician, perhaps realising the great extent as it is of his 
science, has not invariably chosen for his absolute measurements and indices those 
which are most suitable and suggestive when applied to the whole range of primates. 
It may be said that he is concerned only with man. To this the necessary and sufficient 
reply is that those measurements and indices which are suited to the whole range of 
primates are much more likely to be of value and suggestive when applied to diseri- 
minate racial differences in man than any other measuremental functions. Racial 
anomalies and even racial differences are signposts to relative stages in human evolution, 
and this usually signifies that they are closer to or more remote from the lines of develop- 
ment of the lower primates. It is impossible to grasp the evolution of the human femur 
from palaeolithic to recent man without some appreciation of the characters of the femur 
in the Simiadae and Simiunae, and we will venture to add in the Lemuroidea also. 
It is this broad truth which has led to the development of our work on 17th Century 
London femora into a more detailed study of the primate femur. We have not been 
the first to realise this necessity: to a lesser extent the need was felt by Bumiiller, 
Klaatsch, Rodriguez, and some of the still earlier French femoralogists. 

For the purchase of primate material we have to acknowledge a grant in aid from 
the Government Grant Committee of the Royal Society. Also a very valuable donation 
from the former Secretary to the Laboratory, H. Gertrude Jones. 

When an investigation has extended over as many years as the present has done 
it is almost impossible to enumerate all those who have aided us in the course of 
our labours. Some account of our helpers is given on pp. 2—3, and the dedication 
of this work stands as a small recognition of the man who has given us chief encourage- 
ment from stage to stage. At the same time it is only just to Sir George D. Thane 
to say that he has never seen a proof, nor have any conclusions drawn from our data 
been put before him. He is therefore absolutely free from any responsibility for our 
blunders, of which there are sure to be many, for our opinions, of which some are 
certain to be proclaimed wrong-headed, or for our terminology, of which we feel quite 
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certain he will disapprove when he first reads it, but which brevity has compelled us 
to adopt, although no doubt it might with greater imagination have been better chosen. 
For assistance not specially acknowledged in the work itself we have in the first place 
to thank Professor Arthur Keith, F.R.S., who has been most helpful and generous as 
on former occasions in allowing us to consult the invaluable material in his charge. 
Our thanks are also due to Professor A. Macalister, F.R.S., for permitting us to re- 
examine the Naqada skeletons, which had passed from our Laboratory to Cambridge, 
and for the loan of precious material for photography. Dr W. H. Duckworth and 
Professor G. Bourne have given much appreciated aid in a variety of ways. 

In concluding this prefatory note the senior author wishes to take upon his own 
shoulders all responsibility for the conclusions and opinions expressed in the work. 
Upon him has fallen the task of writing the memoir, of photographing the material 
and of making a very considerable proportion of the more recent measurements, especially 
those on the lower primates, and those on the patellar surface, the torsion and the 
fundamental triangle. The contributions of his former colleague and present co- 
author are especially involved in the London data, their measurement and reduction, 
and the preparation of the sheets of measurement, and of similar work on a portion of 
the primates. It undoubtedly involved the more arduous section of the joimt work 
and called for scrupulous accuracy and caution. Aid in the preparation of sections, 
drawings and diagrams has been given by E. Augusta Jones, and E. Noel Karn, 
and in calculation of constants for the lower primates by Eleanor Pairman and 
Mary Seeger, to all of whom the authors’ hearty thanks are due. Other sections of 
the monograph are in a more or less advanced stage of progress, and it is hoped will 
not be indefinitely delayed. 


KARL PEARSON. 


Drapers’ Company BiomEtric LABORATORY. 
February, 1919. 
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A STUDY OF THE LONG BONES OF 
THE ENGLISH SKELETON 


PART I. THE FEMUR 


CHAPTER I 
THE CHARACTERS RECORDED AND THE METHODS OF MEASUREMENT 


(1) Introductory. The present study is a much-delayed further instalment of 
the investigation into the variability and correlation of the long bones started in 
connection with the Biometric Laboratory in 1895. In that year Professor Flinders 
Petrie sent from Egypt a large number of skeletons of the prehistoric Naqada 
population, the late Mr A. B. Pearson-Gee providing the Laboratory with the funds 
needful for defraying the cost of the material. 

In more recent years further Egyptian long bones of definite periods have 
been provided by Professor Petrie, but at present in hardly sufficient numbers to 
warrant a detailed investigation for comparative purposes. The original Naqada 
material was measured by Dr Ernest Warren and his memoir was published in 
the Philosophical Transactions. It was the first paper to approach the subject 
from the biometric side, and will be cited frequently in this investigation. 

The material of the present paper consists of two considerable series of long 
bones in the Anatomical Department of University College, which were most 
generously placed at the disposal of the Biometric Laboratory by Professor 
G. D. Thane for purposes of measurement. These two sets of bones are conveniently 
described as the ‘‘ Whitechapel” and “ Liverpool Street” or ‘‘ Moorfields” series. They 
are for osteological material fairly extensive, and besides the long bones comprise 
considerable numbers of skulls, which have also been measured in the Laboratory and 
reported on by the late Dr W. R. Macdonell’. In the papers referred to below as full 
accounts of the date and locality of the Whitechapel and Liverpool Street materials 
are given as seemed then possible—the bones having escaped investigation in situ. 
There is little to add now to what was then stated. The general conclusions formed 
by the Director of the Biometric Laboratory from such information as was available 
may be thus stated: 

* 1897, “An Investigation of the Variability of the Human Skeleton, with special reference to 
the Nagada Race...,” Bibl. 77. 

2 «A Study of the Variation and Correlation of the Human Skull with special reference to 
English Crania,” Biometrika, Vol. 111, pp. 191—244, 1904 (Whitechapel Skulls), aud “A Second 


Study of the English Skull with special reference to the Moorfields Crania,” Biometrika, Vol. Vv, 
pp. 86—104, 1906 (Liverpool Street Skulls). 
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(i) that the Whitechapel material was probably from a plague pit of the 
seventeenth century; possibly, but very improbably, it might have arisen from a 
“clearance pit” made for Sheen’s Burial Ground (1820—1854). See Brometrika, 
Vol. 1, pp. 193—199. 

(ii) that the Liverpool Street or Moorfields material was also probably from 
a seventeenth century plague pit; possibly, but improbably, from a ‘‘ clearance pit” 
made for Old Bethlem Burial Ground ; the former assumption gives a date of 1665, 
and the latter any date from 1569 to 1750, when the site was undoubtedly built 
over. See Biometrika, Vol. v, pp. 86—91. 

The only objection to dating both series of bones as 1650—1700 plague pit 
material, lies in the nature of the material itself. The results obtained for the 
two series are in fair accordance—indeed, so close for the long bones that we have 
pooled our material. But inspection of both the long bones and the skulls seems 
to some extent to suggest a difference hardly brought out by the measurements. 
The Liverpool Street crania (cf. the photographs in the memoirs cited) appear 
to be of a somewhat more primitive type than the Whitechapel, and this to a 
certain degree is confirmed by the bones. It is not possible to say whether this 
may be due to any selective action of the adjacent lunatic asylum, Bedlam, or 
to influence of the physical environment, to the soil, etc., post mortem. It may be 
partly due to class differences in the populations drawn from. Out of 700 White- 
chapel femora syphilitic evidence, severe, slight or doubtful, was found in 33 cases, 
or not quite five per cent. ; out of 217 Liverpool Street femora, syphilitic evidence 
was found in only one femur—a severe case. In the same way evidence of 
rachitis, rheumatism and of general pathological conditions was far more copious 
in the Whitechapel than in the Moorfields material. This may point only to a 
difference in class or to a real difference in period. It is, for example, probable 
that syphilis was far more widespread in the reign of Charles II than fifty years 
earlier. Not too much stress should be laid on pathological differences in the two series, 
but taken in conjunction with the general appearance of the bones, there is some 
evidence to suggest that the Moorfields material belongs to a differential and possibly 
earlier class or group of the English population. 

The present study of the long bones is essentially of a cooperative character. 
A considerable portion of the measurements were originally made by Miss Marion 
Radford and by Miss Eva Bramley Moore, later some additions on the radii 
were made by Dr Crewdson Benington, finally further essential measurements on 
the femora were undertaken by Miss Julia Bell and Mr B. W. Miller. Dr Alice 
Lee and Miss E. Y. Thomson contributed at certain points. The Director of the 
Biometric Laboratory designed the measurements taken with a camera, and took the 
illustrative photographs. He is also responsible for the text of the paper. The 
most arduous part of the work, however, the reduction of the measurements, was 
undertaken by Miss Bell, who contributed not only this, but many re-measurements. 
The Director of the Laboratory is in the main responsible for the examination and 
discussion of associated literature. To Professor Thane we are indebted not only 
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for the original generosity, which made the work possible, but for ever ready 
suggestion and guidance at each stage of the work. We owe him very ample 
apology for the long period of delay which has accompanied our investigations, 
but the task has been an extremely heavy one, and the Laboratory has never 
been in a position to allow one of its members to devote two unbroken 
years to its completion. To another member of the University College Depart- 
ment of Anatomy we owe also a very great debt, which undoubtedly gives 
him a position to claim a share in this paper. Dr E. C. Derry until he 
took up war service was invariably at our disposal in all cases of difficulty. He 
has sexed the bones for us from anatomical appearance, and he has examined 
the individual bones for the record of anomalous and pathological states. The 
question of sexing will be fully discussed below, but the measure of our debt to 
Dr Derry is summed up in the words that when we were in grave doubt as to 
the validity of the sexing we had reached, he gave us confidence again in the 
possibility of sexing’, and so enabled us to bring the work to a conclusion. 
His loss to us during the past year when this work was being written has been 
very great indeed. 

(2) On the Measurements taken. 

The measurements made will be described individually below; the apparatus 
used included an osteometer of Broca type, an osteometer of Hepburn’s model 
lent by Professor Thane, calipers of various types, a modified Klaatsch cranial con- 
tour tracer used for projecting various points of the bone onto a horizontal plane, 
a torsiometer of our own design, a whole plate photographic camera with Goerz 
astigmatic lens used for obtaining an image of the head of the bone on a ground- 
glass drawing plate in the focal plane, a powerful electric lantern for illuminating 
the bone, and a solid stand with universal joint for supporting the bone in any 
position, such as is in general use in any physical or chemical laboratory. The 
photography for this memoir has had to be carried out under very grave difficulties ; 
this must be the excuse for the poor character of much of it’, which does not reach 
the standard which we have placed before ourselves; it may, however, suffice to 
indicate some of the points we need to bring before the reader’. 

The diagrams illustrating the measurements taken were obtained by means of 
a suggestion of Professor Thane’s. Not content with our Laboratory diagrams of 


* I.e. in the general accordance of anatomical and mathematical methods of sexing. 

® Although the Biometric Laboratory has been in existence for twenty years it has never possessed 
a photographic room. At present and for the last four years all the photography has had to be done 
in the space between two windows of a lecture room with endless cross and no top light. This is achieved 
(when the room is not required for lectures or research workers!) by the operator standing on a kitchen 
table on which the material to be photographed is placed and working a camera with horizontal focal 
plane on a rough wooden frame, with no fine adjustments, made by a carpenter at a cost of 5s. 6d.! 
That this can occur in a college which makes a great profession of assistance to research work is a 
good illustration of the complete chaos which exists in University matters in London. 

* Circumstances connected with the war have also markedly lowered the quality of photographic 
prints and of their half-tone reproductions. 
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the parts of the femur, he offered to lend us Dr Lawrence’s original pencil drawings 
prepared for Thane’s edition of Quain’s Anatomy, as a basis for our indication of 
measurements. Messrs Longmans, Green & Co. gave a most ready and kindly 
consent. Diagrams B, C, D and E were then prepared by photographing Lawrence's 
drawings and adding on the photographs the necessary lines and planes, the whole 
being then reproduced by half-tone process. Unfortunately Lawrence’s drawing of 
the anterior face of the whole femur was rather too faint for reproduction in this 
manner, and a new drawing, based on Lawrence, had to be made; this was kindly pro- 
vided by Miss Margaret Dalgliesh, and forms Diagram A: see Plates I—III, Atlas. 

(3) Measurements of the Femur. Primary Lengths. 

(a) Maximum Length from top of head to bottom of internal condyle (M.L., 
see Diagram A, Plate I). The points between which this length is measured are 
not the’ points of contact of the vertical planes of the osteometer when the bone 
is in the oblique position. 

Taken either with the calipers, or with the osteometer swinging the bone round 
with the internal condyle on the fixed vertical plane until the moveable vertical 
plane, always in contact with the head, is at its maximum distance ; if the posterior 
surface of the bone as usual faces the base-board of the osteometer, it may be 
needful to elevate the proximal end of the bone slightly from the base-board to 
obtain in this way the maximum length. 

(b) Trochanteric Length. From top of great trochanter to bottom of external 
condyle’ (1.L., see Diagram A, Plate I). Taken with the calipers. 

(c) Maximum Trochanteric Length. From top of great trochanter to most 
distant point on bottom of internal condyle (M.1.L., see Diagram A, Plate I). This 
is the measurement taken by Turner*®. It is also used by Koganei*® and Mollison‘*. 
We cannot find what Martin’s trochanteric length was’, but suspect it to be the 
maximum trochanteric length. Klaatsch recommends for trochanteric length 
our (b), ze. from top of trochanter major “‘bis zum distal vorragenden Punkte des 


6? 


condylus externus’. 


Lehmann-Nitsche measures what he terms the Trochanterldnge and describes 
it thus: ‘Messplatte Abtasten des am meisten vorspringenden Punktes...des 
Trochanter major mit dem Winkelmass’.”. We do not feel clear as to what he 
has really measured, and this obscurity seems to us involved in many authors’ 
treatments of femoral measurements. There is thus great difficulty in any com- 
parison of measurements. 

(d) Oblique Length. So called by English writers; it is more lucid but less 
brief to term it with the French anthropologists “length in oblique position.” 
They again in their turn occasionally sin by measuring solely this oblique length, 
and often merely speaking of it as the “femoral length”; only some slight allusion 

' The external condyle is selected partly because the resulting length then corresponds most closely 
with what is obtainable in the living. 


2 Bibl. 42. 8 Bibl. 64. 4 Bibl. 100, p. 588. 
5 Bibl. 63. 6 Bibl. 87, 8. 610. 7 Bibl. 69, 8. 283. 
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to the method of measurement may then show the reader what has actually 
been recorded. This is the vertical projection of the bone (0.L., see Diagram A, 
Plate I), and is taken on the osteometer with anterior face upwards, the condyles in 
contact with the fixed vertical board and the moveable vertical board brought into 
contact with the head. 

(a bis) and (b bis) Stature. Found by Pearson’s Reconstruction Formulae. 

Anatomists and anthropologists have laid great stress on the oblique length 
of the femur, asserting that as a component part of stature it must be of more 
importance than the maximum length in determining stature. The fallacy of this 
view is its neglect of the whole conception of correlation ; thus the male humerus 
is correlated more closely with stature than the tibia is, but the tibia is a com- 
ponent part of stature and the humerus is not’. Parsons writes as follows in 
E914? 

“Tt has been said that from the maximal length Pearson deduces the average 
stature of the series. I am not quite clear why he chooses the maximal in pre- 
ference to the oblique length, since the latter is the one which really forms a 
fraction of the body height; but as I have not the mathematical knowledge to 
adapt his work to the oblique length, I am only too glad to avail myself of it 
as it stands.” 

It is suggestive of the accuracy with which Parsons has studied the memoir 
to which he refers that the equations for determining the stature from oblique 
length for both sexes are actually given alongside of those for the maximum 
length on p. 184 of the memoir in question’, and immediately above a_ passage 
from which Parsons extracts numerical constants. Further, on the previous page 
it has been shown that the following correlations hold: 


Male Female 
Stature and Maximum Length 8105 8048 
Stature and Oblique Length 8025 8007 


In other words, stature is less closely associated with oblique than with 
maximum length, and accordingly the latter, and not the former, is the right 
measurement to use for the reconstruction of the stature‘. 

It is of interest to place here the formulae for reconstructing stature from the 
maximum and oblique femoral lengths. If S be liwing stature and F’,, maximum 


length, /, oblique length of dry bone’, then 


0 
3 Male Female 
§=81-3064+1:880F,,  S=72'8444+1-945 F,, 
S = 81-232 + 1-894 F,, IS = VES UES Se 


* Pearson, Bibl. 79, p. 180. 2 Bibl. 111, p. 243. * Bibl. 79. 

4 Pearson had also in mind the convenience of field workers, who can carry osteometric calipers 
more readily than an osteometer of the Hepburn type. The Broca type is not only far less exact, 
but is frequently badly made. 

* We give for S in terms of /, Pearson’s equations of p. 184 (Bibl. 79) with the corrections for 
corpse length, cartilage and animal matter of pp. 187, 193 and 194 allowed for. 
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Now we have the following & values in cms. : 


Female 


Parsons’ Rothwell Data 


Our London Data 446°77 444-35 


We use the R-femora values because Pearson’s formulae ‘are stated to be 
calculated for the right side, otherwise the correction referred to by him on p. 197 
might be used. We find the following statures in ems. : 


Male Female 
Parsons’ Rothwell Data: From /,, 167-0 153°8 
Ms - * From /, 167-0 153°9 
Our London Data: From fF, 165:3 152°6 
. As From fF, 165-4 152:2 


It will be seen at once that for all practical purposes Pearson’s reconstructions 
lead to precisely the same results from both oblique and maximum lengths. 

Parsons, professing to use Pearson’s reconstructions, gives ¢ 167 cms. and 
? 160 ems. It does not seem to have struck him that this corresponded to a 
sex ratio of 1°048, which is only known to occur among dwarf races, e.g. Bushmen or 
Aigtas of Luzon. He was, so to speak, combining into one race the neolithic males of 
Great Britain and the women of Flamborough Head, the tallest race of this country ! 
On investigation it will be found that his value is 6 cms. too large’. By comparison 
with Pearson’s Tables (loc. cit. p. 243) it will be seen that Parsons’ Rothwell 
femora give a racial stature corresponding almost exactly with that of neolithic man 
in Britain, while our seventeenth century Londoners correspond closely with Romano- 
Gauls in stature. Rothwell exceeds London by 1°7 cms. for the male and 1:1 cms. 
for the female, but both appear to be far below the English commonalty of to-day which 
is given by Galton as 170 ems. for males and 158 ems. for females. This confirms the 
view that stature has not yet received sufficient scientific attention in this country. 
Our seventeenth century Londoners were distinctly shorter than the nineteenth 
century London commonalty. Parsons could throw light on the matter if he would 
measure the modern rural population of Rothwell, which, if his view be correct, 
2.e. that the Rothwell femora are mediaeval English, should be in bulk descended from 
the population he has measured. Does migration, nutrition or natural selection 
account for the differences we find in London English ? | 


’ He has apparently read his values off a graph in Pearson’s paper which applies only to males, 
and was introduced to show the change in relationship between stature and femur etc., when the 
range is taken to include male giants and dwarfs. 
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(e) Trochanterie Oblique Length. This is the vertical distance from the top of 
the great trochanter to the infra-condylar plane (tT.0.L., see Diagram A, Plate I). 

In this measurement the bone being placed on the base-board of the osteo- 
meter with the two condyles both in contact with the fixed vertical board, 
the face of a cube of known edge is brought into contact with the sliding vertical 
board, and the parallel face into contact with the top of the great trochanter. 
The magnitude of the known edge of the cube, say 4 cms., must be subtracted 
from the osteometer reading. It is convenient to attach a block of this kind to 
one side of the sliding vertical board of the osteometer. 


Diameters of Head. 


(f) Greatest Diameter of Head in Vertical Plane. This is the greatest 
diameter of head parallel to the base-board, when the bone is placed in the oblique 
position resting on the osteometer and is taken with the small calipers (Vv.pD.H., 
see Diagrams A and B, Plates I and II). 

(9g) Greatest Diameter of Head in Horizontal Plane. This is the maximum 
diameter of head perpendicular to the base-board when the bone is in the same 
position, taken with the small calipers (H.D.#.). 

It is desirable to mark the terminals of (f) and (g) on the head before final 
measurement. 


Diameters of Infra-Trochanteric Region. 


(h) Minimum antero-posterior Diameter. The least antero-posterior diameter 
in this region, avoiding the gluteal ridge by placing the point of the calipers on 
its inner side (PL. A. P.D., see Diagrams A and B, Plates I and II). 

(«) Transverse Diameter. At the same level’; this is usually about the spot 
where the vertical plane through the middle of the small trochanter meets the 
spiral line and is taken with the small calipers at right angles to the antero-posterior 
diameter (PL. T.D., see Diagrams A and B, Plates I and II). 

(Jj) Manouvrier’s Platymeric Index=100 PL. A. P. D./PL. T.D. (Plate I). 

A good deal of discussion has taken place with regard to so-called 
“transverse platymery.” The name and idea were introduced by Manouvrier’, to 
cover cases in which the antero-posterior diameter was larger than the transverse 
diameter in the platymeric region. Such cases occur, but are occasionally accompanied 


“ “Tn obtaining the data for the Platymeric Index Professor Manouvrier suggests that the smallest 
antero-posterior diameter be taken first ; and at the level where this is found that the transverse diameter 
be then measured. The point at which the smallest antero-posterior diameter is situated varies slightly 
in its distance below the small trochanter in each bone. Professor Halliday Scott of Otago University 
measures this diameter at the level where the spiral line crosses below the descending root of the small 
trochanter ; but as this does not in every case correspond with the smallest antero-posterior. measurement, 
I have followed the method suggested by Professor Manouvrier.” Hepburn, Bibl. 71, p. 122. This is 
also our rule. Unfortunately Warren, although he refers to platymery, does not determine the index 
in the long series of Naqada femora he deals with. Bibl. 77, p. 144. 

2 Bibl. 48 and 57, 
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by much bowing and marked development of the pilaster, even in some instances 
with marked convex popliteal surfaces. Good illustrations are provided in the 
sections reproduced below of the Egyptian femora B. 111, R. and L., kindly loaned 
to us by Professor A. Macalister of Cambridge: see Plate XXVIII. Bones such 


Sections of B. 111, Right. 


Platymeric Pilastric Popliteal 


Sections of B. 111, Left, 


O\ a 


Platymeric Pilastric Popliteal 


Fic. 1, To illustrate “transverse platymery” (stenomery), and associated pilastric and popliteal forms. 


as these are of course rare, and may be described as abnormal. It may be doubted, 
however, whether the name “transverse platymery” and Manouvrier’s account of its 
origin can be unreservedly accepted. The frequency distributions of the platymeric 
index do not show marked signs of heterogeneity at the high index end, nor do 
such signs appear in the correlation tables of this index with other characters. 
It seems doubtful whether there are special causes at work producing “ transverse 
platymery,” although marked cases of it may occur in diseased bones. Manouvrier 
classifies by this index as follows: 

Under 80, sagittal platymery; 80 to 100, absence of platymery; over 100, 
transverse platymery. 

Lehmann-Nitsche’ proposes to call these three groups, the platymeric, the 
eurymeric and the stenomeric. Bumiiller? suggests extending the platymeric range 
from 80 to 85, as he considers that femora from 80 to 85 exhibit a typically 
developed form of platymery, and that it would be arbitrary to exclude them from 
the platymeric group. It seems to us that there must always be something 
arbitrary about such classifications, and that the division is merely utilitarian, the 
change in index being perfectly continuous; it should therefore be taken where it 


1 Bibl. 69, p. 223. 2 Bibl. 81, p. 45. 
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is most convenient for classificatory purposes, either individual or racial. As 85 
leads to more than 50 °/, of individuals and races falling into the platymeric group, 
it appears better to retain Manuovrier’s original divisions. It is convenient, 
however, to follow Lehmann-Nitsche and replace by simple “platymeric” and 
“stenomeric” the “sagittal platymeric” and “transverse platymeric” terminology of 


Manouvrier. See Plates VI, VII, and XXXIII—XXXYV. 


Diameters of Middle or Pilastric Region of Shaft. 


(k) Maximum Antero-posterior Diameter. The greatest value of this 
diameter must be found wherever it occurs on the linea aspera (on the “ pilastre” 
of Broca); it is usually at its highest point, but this is not always the middle of 
the shaft. Taken with the small calipers (Pil. A. P., see Diagram A, Plate I). 

(1) Transverse Diameter at the same level as (£) wherever (4) falls, taken 
with the small calipers (Pil. Trans.). We found it convenient to place the bone 
anterior face upwards on a horizontal plane; (&) was then measured vertically 
and () horizontally. These are really projections of the chief diameters, which are 
not necessarily at right angles to each other, although nearly so. 

(m) Prlastric Index=100 Pil. A. P./Pil. Trans. (Pil. L.). 


Popliteal Measurements. 


(n) Popliteal Length. From apex of popliteal surface to centre of inter- 
condylar line, ie. the line which forms upper limit of intercondylar fossa. Taken 
off with the dividers and read on scale (Pop. L., see Diagram A, Plate 1). 

The popliteal apex requires some care in its determination. Klaatsch* holds 
that it cannot be accurately appreciated and would discard popliteal length. 
Hepburn measures the popliteal length “from the posterior aspect of the external 
condyle upwards to the point at which it could be definitely determined that the 
margins of the linea aspera were diverging from each other. Of necessity this 
upper point is far from being precise, although the amount of error can never be 
so great as to invalidate the value of the measurement®.” We think with a little 
practice the same observer will reach practically the same point on a second deter- 
mination; we are less certain as to the comparative value of the measurements 
taken by different observers. We should certainly not go as far as Klaatsch and 
abandon the measurement entirely. 

(0) Popliteal Width. Taken at 4 cms. above highest point of patellar articular 
surface-in front of external condyle (Pop. W., see Diagram C, Plate II). The 
constant distance of 4 cms. was suggested by Manouvrier, although he considered that 
it was allowable to slightly modify this distance in the case of long or short femora. 
Klaatsch* has discarded the 4 cms. and proposed to replace it by 2 cms. and has 
defended this change on the ground that measurements taken at 2 cms. would show 
far greater differences in Pithecanthropus erectus, the Neanderthal femora and modern 


=» Diblesi, ys. O12, aS Bible ile pry leas 3 Bibl. 87, 8, 654. 
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femora than at 4cms. The contours below, drawn after Klaatsch’, are apparently the 
basis of his statement, but do not seem to us to demonstrate adequately his standpoint. 


POOH A re 
See ceseecese® 


Diva sin 


7 
Sia OE ole 


Pithecanthropus: dotted line. Neanderthal : continuous line. 
Recent human femur of same length: broken line. 


Fie. 2. Diagram of contours of Distal Epiphyses, after Klaatsch. 


It appears to be entirely a question of what index is taken to represent the 
peculiarity Klaatsch wishes to emphasise. In Plate XXXII we have four femora of 
which W. 85 shows the usual type of popliteal area, the spread-out towards the 
condyles starting at the popliteal apex ; W. 285 and W. 104 are bones in which the 
shaft continues cylindrical right down towards the distal end, and in this they 
resemble the Neanderthal femora. W. 121 is a similar, but not quite so marked case. 
Now the popliteal index at 4 cms. might or might not differentiate between these 
bones, but we are not certain that taken at 2 cms. it would. We are inclined 
to think an index formed by the ratio of the popliteal transverse diameter to (i) 
the bicondylar width, or (ii) the popliteal length, or (iii) the pilastric transverse 
diameter might bring out the cylindrical character of the shaft rather better than 
an index based on the transverse diameter at 2 cms. 
in our tables of measurement. 


1 Loc. cit. 8. 662. 


Such indices are recorded 


Since this paper went to press the death of Klaatsch has been announced. 
We deeply regret the loss of a suggestive worker, if his temperament did not lack the certitude and 
aggressiveness of certain elements of modern German science. 
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Again consider Figs. 3 and 4. Here we have popliteal sections drawn perpen- 
dicular to the standard vertical plane’ at 2, 3, 4 and 5 cms. of the femur W. 593 


At 2 cms. At 3 cms. At 4 cms, At 5 cms, 


Sections of W. 593, # is the external supra-condylar ridge. The vertical is the trace of the standard 
vertical plane on the plane of section which is taken parallel to the standard horizontal plane. 


Fie. 3. Popliteal Sections. Usual type. (Actual size.) 


At 2 cms, _ At 3 cms. At 4 cms. At 5 cms. 


Sections of L. S. 46. is the external supra-condylar ridge. The vertical is the trace of the standard 
vertical plane on the plane of section which is taken parallel to the standard horizontal plane. 


Fig. 4. Popliteal Sections. Convex (Pithecanthropus) type. (Actual size.) 


1 Te. the plane of the base-board of the osteometer, when the bone with anterior face upwards 


is placed upon it. 
2—2 
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which is of the usual concave type, and femur L. 8. 46 which is of the convex or 
Pithecanthropus type of popliteal area. Now several points occur here: (i) at 2 cms. 
both femora are concave in the popliteal area, (ii) for W. 593 and L. S. 46 the 
sections at 2 cms. are both concave also on the anterior face, and this is still manifest 
in L. 8. 46 at 3cms. This might be a source of confusion, if the antero-posterior 
diameter were taken at 2 cms. We think that for most bones Manouvrier’s 4 cms. 
was a thoroughly suitable position and we have accordingly maintained that value 
for all bones, notwithstanding Klaatsch’s rejection of it. 

(p) Direct Antero-posterior Diameter. The bone resting in the usual position 
on both condyles with the anterior surface upwards the highest point m, on the 
vertical plane through the popliteal width was determined and marked, and the 
distance of this from the midpoint p of the popliteal surface, z.e. the point equi- 
distant from the two supra-condylar ridges in the same plane, was measured (mp., 
see Diagram B, Plate II). 

Asa rule the line mp thus determined will be only roughly perpendicular to the 
transverse popliteal diameter or the popliteal width. This width we take parallel to 
the other standard vertical plane transverse diameters, ¢.e. horizontally when the bone 
is in the standard position on a horizontal plane. Again, it will be more or less 
parallel to the popliteal surface at the point p. Of course, taking any transverse 
diameter as we do on the bone in its standard position we are truly measuring the 
projection of a maximum transverse diameter on the standard vertical plane’, but 
we hold that definiteness and uniformity can only be obtained in this manner’. 
Accepting this method of obtaining the transverse diameter, we believe that it 
would be better on the whole to take mp perpendicular to the transverse diameter, 
a.e. perpendicular to the standard vertical plane. This will be approximately, but 
by no means universally, perpendicular to the popliteal surface. When it is per- 
pendicular (see Diagram E, Plate III) then mp thus found is very close to the mp 
of Manouvrier’s measurement. Thus on the scale of Diagram E Manouvrier’s p is 
about 2°5 to 3mm. above the p of the diagram, and the distance of m to the 
two p’s is sensibly the same. There is not much difference in the case of the 
sections at 4 cms. of our Figs. 3 and 4. If however, the popliteal surface be 
greatly inclined to the standard vertical plane, then mp as determined by 
Manouvrier’s method will as a rule be more nearly perpendicular to the popliteal 
surface than mp drawn perpendicular to the standard vertical plane, but it may in 
this case make an angle far from right with the transverse diameter or popliteal width*. 

* We have made an exception of the cases of foetal and non-adult bones, where we have taken 
one-tenth the diaphysial length—a rule we should like to see extended to adult bones. 

* If we simply define the transverse diameter as the maximum diameter of the cross-section, such 
a diameter will in certain cross-sections pass through the external supra-condylar ridge, and occasionally 
there will be two transverse diameters equal in length, but very different in position. 

* Assuming Hepburn’s diagrams (Bibl. 71, p. 140) to be all properly orientated to the standard 
vertical, then his popliteal section Fig, 9 of a modern British femur is a case in point for the vertical mp 


would be some 1 mm. longer than his mp. Hepburn, however, does not clearly define his point m; he 
speaks of it as “the most projecting point on the front of the shaft, at a distance 4 cm. above the 
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An alternative construction would be to draw the chord joining the points in 
which the popliteal cross-sections at 4 cms. cuts the internal and external supra- 
condylar ridges and drop from m the perpendicular on this chord; where this 
perpendicular meets the popliteal surface would be taken as the point p. This 
method, however, involves the laborious adjustment of the bones and the actual 
tracing of the cross-section in each, It would, nevertheless, give a proper measure 
of the poplitea] curvature, and determine that approach to convexity, which is the 
characteristic of gorilla and chimpanzee as distinguished from the concave state 
asserted for modern man. Another alternative would be to measure from m to the 
nearest point of the popliteal surface; this would answer well in the case of 
concavity, but becomes idle when the popliteal surface was convex. We have under 
the circumstances done our best to follow Manouvrier’s rule of the midpoint between 
the supra-condylar ridges, for, although we are not satisfied with it, we have not hit 
on a better, equally rapid. We reserve, however, the problem, and propose to devote 
an independent paper to the form of the femur in the popliteal region, for we are not 
content to dismiss popliteal diameters as of no importance as Klaatsch has done. 

(q) Oblique Antero-posterior Diameter. From the same point m on the 
anterior surface to the point on the external supra-condylar ridge in the same 
cross-section through the transverse diameter (mn, see Diagrams C and HE, Plates II 
and ITT). 

(r) Popliteal Index =100mp/Pop. W. (Pop. L.). 

The measurement of the direct and oblique antero-posterior diameters of the 
popliteal region was introduced by Manouvrier in a remarkable paper of 1895’, 
being his second study of the Pithecanthropus erectus. Manouvrier finds nothing 
in the upper three-quarters of the bone to differentiate it from a human femur’. 
The trochanteric crest can be parallelled from human femora; the pilastric index 
differs from those of the anthropoids and equals that of men without being as 
high as that of many men; it witnesses “ péremptoirement I’attitude bipéde®.” 
The popliteal region is the region in which the Trinil femur is differentiated from 
the human. With the apes the popliteal region is usually convex, with man it has been 
said, without much quantitative warrant, to be concave; in Pithecanthropus erectus 
the region is convex. Manouvrier accordingly seeks for a measure of this difference, 
and finds it in what we have termed above the direct and oblique antero-posterior 
diameters of the popliteal region, mp and mn‘. In the next place Manouvrier 
seeks for femora in which mp is greater than mn, and apparently considers that 
such femora will have a convex popliteal surface. That convex femora can occur in 
superior articular border of the external condyle” (loc. cit. p. 120). But “the most projecting point” 
might be different according as to whether it were judged from the standard vertical plane or the 
popliteal surface. 

1 Bibl. 68, pp. 558—580 deal with the femur. * Loc. cit. p. 560. ® Loc. cit. p. 560. 

4 «Ces deux diamétres antéropostérieurs mn et mp doivent partir, en avant, du point m qui est 
extréme par rapport au plan médian et qui occupe la portion la plus renflée de la région” (loc. ct. p. 564). 


This seems to leave the position of m as indefinite as Hepburn’s “most projecting point on front of 
shaft.” There must be some orientation as by the standard vertical plane. 
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which mn is much greater than mp is shown purposely in our Diagram C, Plate JI. 
In Fig. 4, p. 11, L.8. 46 presents a femur of the Trinil type in which mn is also 
considerably greater than mp. This is also true in the case of the popliteal sections 
of gorilla and chimpanzee provided by Hepburn’. Dubois, the discoverer of the Trinil 
femur, who regards it as human-like but not the femur of a man, lays stress on the 
convexity of the popliteal region and writes in 1898’: 

“One of the differentiating characters I could never find in human femora 
even separately. I mean the small development of the popliteal space, which is in 
a high degree convex, because in the midst of it and separated from the lips of 
the linea aspera extends a kind of swelling until near the lower extremity, which is 
the reason that the lower part of the shaft of the femur has such a round 
section.” 

This description agrees extraordinarily closely with the nature of the popliteal 
region in our femur L. 8. 46. If the reader will carefully examine Plate XXXI, 
(a lens will be useful) he will see in L. 8S. 46, and to a less extent in L. 8. 43, 
convex popliteal regions placed in juxtaposition with W. 85 with a concave region. 


Popliteal surface, showing convexity. 
Fig. 5. Section of Q. 229 at 4 mm. 


Of course, L. 8. 46 is a very anomalous case*, but many grades of convexity 
occur. Manouvrier gives five such femora with mp>mn, but none of these have 
a popliteal index at all comparable with Pithecanthropus erectus. In three other 
cases he found a voluminous exostosis in the centre of the popliteal region which 
accounted for the rounding. Only in one abnormal femur with a completely 
deformed head eburnated by friction in the acetabulum is mp>mn and a popliteal 
index exists comparable with that of the Trinil femur. 

Hepburn, following Manouvrier and writing in 1897*, gives 25 cases in which 
mp was >mn, although he does not demonstrate that all these sections are convex. 
A little consideration of Manouvrier’s figure’ for the flattened type of femur with 
large popliteal area will show that it is possible for mp determined by Manouvrier’s 
rule to be >mn, and yet the popliteal region concave. See our Fig. 6, p. 15. 
Thus the index 100mp/mn, while suggestive, is not conclusive for convexity. 


* Bibl. 71, p. 140. 2 Bibb, ips 8s 
* Another illustration is that of the Egyptian (Naqada) bone Q. 229 in Fig. 5 here exhibited. 
4 Bibl. 72, -p._6: . ® Bibl. 68, p. 562. 
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Unfortunately neither Manouvrier nor Hepburn, as far as we can see, appears to 
provide the actual value of mn for the Trinil femur, although both state that 


Case of concave section with mp > mun. 


Fic. 6. Manouvrier’s direct and oblique popliteal transverse diameters. 


mp is >mn. Neither Hepburn nor Manouvrier were able to refer to the popliteal 
area in Homo mousteriensis (Hauserz). We give below a picture of the cross-section. 
There is no doubt that it is (at 4 ems.) convex without question of pathological origin. 
It shows, however, nothing of the rotundity exhibited by the other cases of convex 
popliteal area, its popliteal index being only 69°9, a value below the modern human 


mM 


P 


Fic. 7. Homo mousteriensis (Hausert) (Li). Popliteal (4 ems.) section, convex popliteal surface. 


mean, but by no means outside its range. The table we give on p. 16 indicates the 
main points of comparison. 

Hepburn considers convexity so common that it may rank as a human 
character, and that accordingly this feature does not disqualify the Trinil femur for 
being considered human, indeed Hepburn argues that this femur is a human 
femur. But it will be noted that with the exception of four British femora in 
which mp is greater than mn, and which are disqualified by their popliteal indices 
from the comparison, Hepburn’s series of “convex” femora consist of more or less 
primitive races, which also are incomparable with the Trinil femur owing to their 
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Trinil 


Manouvrier’s Mediaeval Parisian 


Hepburn’s Swan Hill Australian 


Hepburn’s Rachitic Femur 


Our L. 8. 46° 


Homo mousteriensis (Hausert)§ 


popliteal indices: The really comparable femur is the Swan Hill Australian. 
Manouvrier’s Mediaeval Parisian is, as we have noted, pathological. Hepburn’s 
Rachitic Femur had an inflammatory thickening in the popliteal region, and was 
probably introduced by him because the Trinil femur has large exostoses’ below 
the lesser trochanter, and this pathological feature may, it is said, have modified 
the growth even of the distal third. Manouvrier holds that the “apophyse 
assez saillante située sur le bord supérieur et extréme du condyle externe vers 
Yinsertion du muscle jumeau extréme” is not pathological, and is an anomaly up 
to the present unrecognised or very rare in the human race*®. It seems to correspond 
in its description to the case of our L. 8. 46, and if such apophyses are determined 
to be pathological, then very little is left to differentiate the Trinil from a human 
femur. While both gorilla and chimpanzee show marked convexity of the popliteal 
surface, only in the latter case is mp greater than mn; the gorilla also has a very 
low (51—52) and the chimpanzee a human valued (75—79) popliteal index’, so that 


1 These are the values given by Manouvrier, and Hepburn appears to follow him. Presumably 
they were measured on the original. By measurement on the photographs, allowing for scale changes 
we find Popliteal Width = 35, mp = 28°8 (1), giving Popliteal Index = 80-0. Bumiiller gives 784 as the result 
of his measurements on the photographs, We feel bound to follow Manouvrier who, we take it, had 
the actual measurements. 

® These indices appear to be wrongly calculated by Hepburn, Joc. cit. pp. 9 and 14, 

* Taken from the drawing of the popliteal cross-section and this seems the more accurate method, 
although the absolute measurements on the figure p. 11 will not be the same as those of the calipers, 
because, however emphasised the instructions, the blockmaker usually fails to get exactly the same 
size in reproduction. 

* 1 Lapp, 1 Eskimo, 1 Maori, 3 Negroes, 2 Bushmen, 4 Andamans, 4 Aboriginal Australians and 
2 Guanches, The series is completed by two “Hindus” whom it would be impossible without further 
information to allocate racially. 

° Manouvrier (and apparently Turner) had supposed these anomalous excrescences to be the 
“résultant de lossification des aponévroses d’insertion de plusieurs muscles fessiers,” but he bowed to the 
decision of Virchow namely that they were true exostoses. Bibl. 68, pp. 558—9. ° Bibl. 68, p. 559. 

’ Cf. Hepburn, Bibl. 71, pp. 140 and 153. Bumiiller (Bibl. 81, p. 111) gives for the popliteal 
index: Gorilla, 55:1 and 62:5; Chimpanzee, 63-9; Orang, 57°1 and 66-0; Gibbon, Hylobates syndactylus 
80°8, H. lar 95:0, H. concolor 765; and for the Eppelsheimer Femur, 65:4. The only one of these 
approaching the Pithecanthropus erectus in value is the Hylobates lar. 
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the Trinil femur can hardly be said to have the same type of popliteal cross- 
section as the anthropoid apes; the resemblance lies merely in the presence of 
convexity, but this occurs with human femora. It seems to us that further com- 
parison of the Swan Hill Australian, our femur L. 8. 46 and the Trinil femur is 
desirable. If our femur be pathological, is the Trinil femur also pathological, and 
if so are we to accept Manouvrier’s view’ that another individual of the species 
might not show the same convex popliteal surface? With the exception of 
Hylobates lar no ape approaches Pithecanthropus as nearly as man does in popliteal 
index. While we should follow Manouvrier in suspense of judgment, and while 
Hepburn terms the Trinil femur human on the basis of the popliteal form, Klaatsch 
appears to have no hesitation in asserting that Pithecanthropus erectus is pithecoid 
and not human from the evidence of the distal end’. This conclusion he reaches 
on the difference in length between the external and internal condyles. He shows 
that in 27 European femora the difference, length of external minus length of 
internal condyle, is in mm. +°7; for the Neanderthal femora: R. +3, L. +5, 
for Spy I, R. +5, for a Gilbert Islander +2, a Malay +1, a Javanese +3, and a 
Negrito zero. For three gorillas, however, —8, —16 and —15, for two chimpanzees 
—11 and —3 (young), and for H. syndactylus —4. But the range among his 
27 Europeans is actually +3 to —3, and is extended from +8 to —8 when a large 
series of bones is measured. If Pzrthecanthropus has a longer internal than 
external condyle—the actual difference in length has, as far as we can find, 
never been stated—it would require much stronger evidence than this to demonstrate 
that it is pithecoid and not human’. 

It seems to us that the popliteal measurements set going by Manouvrier do 
show as a whole some differentiation both from man and from the anthropoid apes 
in the Trinil femur. How great the difference we can only tell, when we know: 
(i) whether femora like the Swan Hill Australian and our L. 8. 46 are really 
pathological, and (ii) whether or not the Trinil femur itself is pathological. 

Meanwhile we think the popliteal measurements should not only be continued 
but be extended by osteometricians. 

(s) Maximum Bicondylar Width. Taken parallel to the infra-condylar plane, 

1 Bibl. 68, p. 580. 

2 Bibl. 87, S. 652—663. Bumiiller concludes that the Trinil femur belonged to a gibbon, but 


fails to explain how a gigantic gibbon of apparently erect posture could have lead a gibbon’s arboreal 
life. Bibl. 81, p. 138. 

8 We may remark here that a good series of measurements on the Trinil femur ought to be 
published. Most of the measurements (like our own) are taken from the photographs in Dubois’ 
memoir (Bibl. 67 bis). But the most straightforward of these do not seem to agree with the one 
or two actual lengths given by Dubois himself. Hence either his values are only approximations, 
or the scales of reduction stated for his photographs are not exact ones. Bumiiller appears also to 
have noted this incompatibility. Bumiiller (Bibl. 81, Table facing S. 112) gives for. the Trinil 
condylar lengths index (2.¢. 100 length of external condyle/length of internal condyle) the vague value 
91—94, but does not, we think, state how he obtained it. This would give something like —5 mm. for 
difference of lengths, an improbable, but not impossible, value for man. It did not seem to us feasible 
to obtain any accurate condyle length measurements on Dubois’ photographs. 


K. P. : 3 
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i.e. with bar of calipers touching lowest points of both condyles in the infra- 
condylar plane, and the arms of the caliper touching respectively the internal 
condyle internally and the external condyle externally at a maximum distance 
(B. w., see Diagrams C and D). This measurement we consider of much importance, 
especially for sexual and racial differentiation, unfortunately the outer faces of the 
two condyles are frequently damaged, so that the measurement is impossible or 
doubtful. The extent to which doubtful measurements should be included is a 
matter for grave consideration. 

We now come to certain measurements on the condyles themselves. The 
easiest of these to take is: | 

(o') Projected Length or Height of External Condyle. It is the height of 
the highest point of the external condyle above the standard vertical plane, when 
the bone is in the standard position on a horizontal plane (see Diagram D, Plate III). 
It was measured with the point of a scribe-awl which was then brought against a 
vertical scale with its zero on the base-board. ‘The “height” of the external condyle 
does not differ much from: 

(c,) Natural or Maximum Length of Haternal Condyle. This is taken with 
the small calipers from the highest anterior to the lowest posterior point of the 
external condyle, “highest” and “lowest” signifying relation to the standard 
vertical plane considered as the base-board of the osteometer. This measurement 
should be invariably less than (o,’), but the two lengths are so nearly equal that 
with damaged specimens and the possible errors of reading (0,’) may be in a few 
cases given as slightly more than (o,). 

(o,) Natural or Maximum Length of Internal Condyle. Taken as in the 
case of (o,) the Projected Length or Height of Internal Condyle (c,') would be 
easier to take and more satisfactory as far as accuracy of measurement is concerned 
(see Diagram D, Plate III). But its anatomical value is more doubtful. For, while, 
when the femur is placed on the horizontal plane, anterior face uppermost, the 
summit of the external condyle is approximately vertically above its point of contact 
with the standard vertical plane (Diagram D), the summit of the internal condyle 
may be almost above the intercondylar notch, and thus the natural length differs 
or may differ widely from the projected length or height. In other words the 
condylar heights, of which the anatomist is usually thinking (when comparing for 
example ape and man), may be very different while the natural lengths are nearly 
equal. The two heights are not really homologous quantities. 

The borders of the patellar articular surfaces are so often damaged in the case of 
ancient bones that all measurements of both lengths and heights of condyles become 
doubtful. We have measured, however, o,, o, and o,/ where possible, in order to test 
statements as to differentiation between man and the apes made by various authorities. 

(B,) External Condyle, Horizontal Band-Radius. 

(B.) Internal Condyle, Vertical Band-Radius. 


(Is) Band-Radial Indew=100 Vertical Band-Radius/Horizontal Band- 
Radius. 
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These measurements suggested by Bumiiller' are of very considerable interest, 
but difficult to make with any real degree of accuracy on many specimens. The 
ligamentum laterale fibulare passes from, roughly, the centre of the posterior portion 
of the lateral face of the external condyle, and the district of attachment of this 
ligament or cord, which plays a considerable part in maintaining the parallelism of 
the two portions of the lower member in man, is usually marked by a small 
smooth area behind or on the posterior face of the epicondyle (Diagram E, Plate III). 
The centre of this area can be marked and its distances from the infra-condylar plane 
(Vertical Band-radius) and from standard vertical plane (Horizontal Band-radius) 
measured in a considerable number of cases. In the living subject the former is 
usually larger than the latter, and the ligament is tightened by the femur being raised 
from the horizontal to the vertical position, as in passing from sitting to standing. 

Bumiiller* asserts that the vertical radius is always greater than the horizontal 
in man, while it is less for the apes. Of the generality of this principle there seems 
little doubt, but it is difficult to prove or disprove its universality. The reasons 
for this are as follows: (i) The fibular collateral ligament is attached to an area; 
this area is of a variety of shapes and cannot be said to have a true centre; 
the choice of “centre” is more or less arbitrary; (ii) in many femora the actual 
determination even of the area of attachment is very indefinite, in some impossible ; 
and (iii) owing to the large number of bones with damaged articular margins the 
accurate measurement of the band-radii is often impossible. It is accordingly often 
impossible to assert that, in those cases in which the vertical is less than the 
horizontal band-radius, the difference is a reality and does not correspond to an 
error of measurement. Our measurements have been made with all the care possible 
and the impression formed in our minds is that the band-radial index is generally 
but not universally greater than 100 in man. 


The Fundamental Triangle. 

We now come to three points which require careful consideration for determi- 
nation. The ‘vertical median plane of the head” is the plane through the axes 
of shaft and neck ; it cuts the head in an arc, and the midpoint of this are, usually 
just above the fovea, is the centre of the head, C. With the aid of the tape it is easy 
to mark C’ fairly accurately on the bone. It is also possible to mark the lowest 
point, O, of the median groove of the trochlea, i.e. when the bone is inverted 
the “summit of the pass” or highest point of the saddle between the condyles. 
Now place the bone horizontally with its anterior surface upwards on the universal 
clamp and adjust it till the median point of the top of the great trochanter, the 
centre of the head C, and the mid-trochlear point O are in one horizontal plane. 
Then project by aid of the contour tracer® onto this or a parallel horizontal plane 
that of the paper, C the centre of the head, O the mid-trochlear point, and the 
ends BB’ of the minimum horizontal diameter of the neck; to obtain BB’, a portion 


1 Bibl, 81, pp. 81—82, 141. 2 Bibl. 81, pp. 82, 112, Tabelle JT. 
’ The contour tracer we have used for projection possesses besides the tracing point a vertical 


knife edge which for present purposes gives a better result than the tracing point. 
3—2 
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of both sides of the neck may be drawn in projection and the minimum diameter BB’ 
then found. The line joining C to the middle point of BB’ is the projection of 
the axis of the neck. Now project the transverse platymeric diameter (see (i) 
above, the position of Pl. Dt. should be pencil-marked on the bone at time 
of measurement) as HZ’ onto the paper, and join the middle point of KH’ to the 
point O; this is the projection of the awis of the shaft’, and we term the point 
where the projections of these axes meet the coaxial point, D. The triangle ODC 
is the fundamental triangle of the femur. The bone being still in the horizontal 
position, a vertical through the coaxial point D meets the posterior surface in 
the near neighbourhood of the inter-trochanteric ridge, close to, but usually somewhat 
below, the quadrate tubercle, and the anterior surface in the neighbourhood of the 
antero-intertrochanteric line or upper part of the spiral line, but as a rule external to 
it and below the tubercle of the femur. In the somewhat similar problem for the 
humerus this contour process of construction of the. coaxial point has also been used. 
In our earlier work on the femur the points in which the line through the coaxial 
point perpendicular to the axes meets the posterior and anterior surfaces were 
marked by appreciation upon the bone, say at d, and d,; then the projections 
of Cd, and Cd, on the coaxial plane were measured and if nearly identical their 
mean taken as the length of head and neck or the capito-collar length. Similarly 
the mean of the projections of Od, and Od, was taken as the length of shaft, OD?. 
Lastly in both methods the distance OC from intercondylar point to centre of head, 
which may be termed the capzto-trochlear length, was obtained. From OD, OC, CD 
the triangle OCD is determined, and thence the angle CDO between the axis of the 
shaft and the axis of the neck, the cervical angle. The sides and angles of the 
triangle C'‘DO were measured by scale and protractor. Thus this process gives us: 

(t) Length of Neck and Head, or the Capito-collar’ Length (c.c.u., CD of 
Diagrams A and B, Plates I and II). 

(wu) Length of Shaft, OD of the triangle ODC (s.u., see Diagram A, Plate 1). 

(v) Capito-trochlear Length, the CO of Diagram A. 


Angles of the Femur. 


(w) The Cervical or better Collar Angle (an,., the angle ODC of Diagram A, 
Plate I). 


? If a continuous thread be passed round the troclear notch and over the point where the spiral 
line meets the great trochanter it will from either posterior or anterior aspect be a fair approxi- 
mation to the projection of the axis of the shaft. The ‘axis of the shaft” is of course a very vague 
term; if defined as the locus of centroids of cross-sections parallel to the standard horizontal plane, 
it by no means follows that it is a straight line or even a plane curve. See Bibl. 93, 8S. 293. 

* This is the method followed by Warren (Bibl. 77, p. 137), but we were so dissatisfied with the 
results we reached that we re-measured the whole series by the process indicated above. 

* We are fully aware of the ridicule which can be poured on the use of collar as an adjective,— 
chiefly by the ignorant, who do not know that such an adjective is already largely used in other fields 
and is justified by mediaeval collare and collarius. Cervical is not the proper adjective from collwm, 
nor can we approve such Germanisms as “ Collum-section” (‘“ Collumquerschnitte”) or “Collum Index.” 
We do not say collum bone or cervical bone. 
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It must be observed that a considerable variety of methods has been adopted 
for determining both the capito-collar axis and the length of neck. Some authorities 
suppose the neck bounded by the antero-trochanteric line and bisect what they then 
term the base of the neck. This base as a rule is very ill-defined on the mesial side 
and the trochanteric line stands a good deal above the neck in the region of the 
summit of the trochanter major; thus bisection is not an easy task. The centre 
of this base is then joined either to the centre of the head or to the midpoint of the 
vertical diameter of the head. In the former case it does not follow that the line 
joining the centre of the cervical base to the centre of the head will pass through the 
centre of the vertical diameter of the head, nor in the latter case that the line joining 
the centre of base to the centre of vertical diameter will pass through the centre 
of the head. In fact we have the following points: (a) centre of base, (b) centre 
of minimum vertical diameter of neck, (c) centre of vertical diameter of head (which 
is approximately the centre of the articular hemispherical surface), and (d) the centre 
of the head. These four points by no means lie accurately on one straight line—the 
capito-collar axis. Compelled to select two of them’ we have taken (b) and (d) 
as most capable of close determination. If the actual dimension of the neck be 
required we consider it as approximately equal to our capito-collar axis minus half 
the vertical diameter of the head. 

Parsons, the most recent writer on the subject, says he first determines the 
axis of the neck, and he thus describes. his process : | 

“Jn taking the axis of the neck, I have drawn a line from the middle of the 
base of the neck as seen from in front. The angle which this makes with the long 
axis of the middle of the shaft is the one I have taken (see fig. 1)*.” 

The description gives no explanation of how the base of the neck is bisected or 
indeed the base determined ; nor are we told how to find the middle of the head; to — 
judge by the diagram the middle of the head has not been found by bisecting the are 
in the median plane of the head®. Again we are not told how “a line is drawn from 


1 Walmsley (Bibl. 112) adopts still another method of determining the axis of the neck; he defines 
it to be the line bisecting base line of head and “lying in the centre of the neck.” He used a diopto- 
graph drawing. He defines the base line of the head as joining the margin of the articular cartilage 
at the highest point of the neck with the margin at the lowest point; this is clear, but it will not always 
be the same as the vertical diameter of the head. He defines the axis of the shaft as the line 
“extending through the centre of the bone” and which “if prolonged downwards would bisect the 
intercondylar line at the lower end of the femur.” What are the centres of the bone and of the neck? 
If points, which points, and if lines why are they straight lines, and how are they to be drawn? What 
is the “intercondylar line” and how is it determined? We have no doubt that the author himself knows 
how he has determined the axis of neck and shaft, but he does not recognise how hard it is for the reader 
to discover what is meant by such terms as the “centre of the neck” and the “ centre of the bone.” 

2 Bibb il p. 241. 

’ This view is confirmed by a phrase on p. 241 of Parson’s paper: “A hole is drilled with a 
bradawl in the centre of the head of the femur—that is to say in the upper and front part of the fovea 
capitis.” Our experience would show that the centre of the head is usually quite outside the fovea 
and this appears to be so in Parsons’ fig. 1 (p. 240). Thus we are left in complete obscurity as to what 
point he really did select as centre of the head. 
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the middle of the head to the middle of the base of the neck.” Is it done 
dioptographically or in imagination, or on the surface of the bone? In what plane 
does it lie, and if in no plane, is it a line at all? Further, what is “the long axis 
of the middle of the shaft”? In what plane is it to be drawn, and how does it 
meet the line which Parsons terms the long axis of the neck ? 

Again to get the “length of the neck” Parsons writes: ‘‘I measure it 
by resting a sliding scale along the front of the long axis of the neck, obtained 
as above. The head rests against the fixed bar of the scale, and the length is 
taken to the place where the long axis of the neck cuts the spiral line of the 
femur. Where this line is broad, the middle of it is taken’.” This seems to suggest 
that Parsons has taken the “long axis of the neck” on the surface of the bone, 
otherwise it could hardly meet the spiral line. A little examination of the bone 
itself will show how different would have been the result had the operation been 
performed on the posterior face of the femur. Again unless he used specially 
designed calipers the length measured would be inclined to the axis of the neck 
and not a true measure of the “length of the neck” at all. Further it would 
not be the “length of the neck” in the sense used by the continental osteometricians, 
which is a measurement from the margin of the articular surface to the spiral line. 
What Parsons is seeking to measure is the length of neck+head, our capito- 
collar length. But under no circumstances is it comparable with our length, for 
Parsons’ length does not extend to the coaxial point as will be seen at once 
from his figure 1 (p. 240); as he draws his diagram the vertical diameter of the 
head and his axis are not even approximately at right angles. His diagram seems 
to indicate that the vertical diameter of the head and the minimum vertical 
diameter of the neck are for that case nearly parallel, and a line from what appears 
to be the true centre of the head to the midpoint of the minimum diameter 
would have been approximately perpendicular to the vertical diameter, but it 
would have given a considerably greater cervical angle. 

While admitting that all diagrams must be considered as merely “diagrammatic,” 
we have had to see what Parsons may have done by aid of his diagram, because his 
descriptions appear to be most unclear. We do not in the least underestimate the 
difficulty of effectively determining either the axes of neck and shaft, the length 
of neck (+head), or the cervical angle, but, until a standardised process is adopted, 
it is essential to state exactly what has been done, or measurements will be com- 
pared, which are probably of totally different things. We believe that most of 
the values of the cervical angles found by different observers for different races may 
represent quite as much difference of procedure as difference of race. 

Besides the cervical angle ODC, we have read off: 

(w,) The mid-trochlear angle, or DOC. 

(w,) The angle at centre of head or the capital angle, OCD. 

Besides the capito-collar length, two further measurements were made on the 
neck : 

1 Bibl, 111, p. 241. 
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(n,) Collar Horizontal Diameter, or the minimum horizontal diameter of the 
neck, taken wherever found. 

(n,) Collar Vertical Diameter, or the minimum vertical diameter of the neck, 
taken wherever found. The diameter is taken in the vertical plane through the 
axis of the neck, but like the vertical diameter of the head is not necessarily itself 
vertical. 

It will thus be seen that n, and n,, although frequently in nearly the same 
plane, are not invariably so. Their ratio is the Primary Index of the Neck': 
see (ce) below. 

We considered at some length the possibility of determining a section of the 
neck in which both horizontal and vertical diameters might be measured, but came 
to no satisfactory result. 7, is the length from which the axis of the neck is 
found, but if we take 7, in the plane of 7, and perpendicular to it, it by no means 
follows that 7, is the minimum horizontal diameter, which alone is satisfactory as 
a means of measuring the slenderness of the neck. 

Two further angles associated with the neck have been considered by Lehmann- 
Nitsche. First the angle between the vertical diameter of the base of the head and 
the axis of the neck. This is not absolutely a right angle and measures the set 
of the head on the neck*. Secondly the angle between the major axis of what 
Lehmann-Nitsche considers the “elliptic” cross-section of the neck, and the plane 
determined by the vertical diameter of the head and the axis of the shaft®*. These 
angles—‘“ set of head on neck” and “rotation angle of neck” we have not found 
it feasible to determine satisfactorily. Lehmann-Nitsche himself recognises the 
difficulty of determining the first in most adult bones. We do not consider that 
the cross-section of the neck is sufficiently accurately an ellipse, or that the par- 
ticular cross-section in question can be closely enough ascertained to render the 
“rotation angle of the neck” a measurement capable of any real value. 

(x,) Torsional Angle. This is defined for the purposes of the present paper 
as the angle between the plane of the fundamental triangle and the standard 
vertical plane. We define the standard vertical plane of the femur to be the plane 
tangential to the posterior surfaces of the condyles and the inter-trochanteric 
ridge‘; it is the horizontal plane of the osteometer when the bone rests in the 
standard position upon it, anterior face uppermost. The fixed vertical plane of 
the osteometer then touches the inferior faces of the condyles, and this fixed vertical 
plane is then the infra-condylar or standard horizontal plane of the femur. To allow 
for extreme cases of negative torsion it may be needful to place two blocks of the 


? Our Primary Index of the Neck (Collar Index) differs essentially from Lehmann-Nitsche’s ‘‘ Index 
des Collumquerschnitte” =100 minimum diameter of neck/maximum diameter of neck (Bibl. 69, S. 284—5). 
We failed to determine the particular cross-section of the neck of which the major and minor “elliptic 
axes” were to be determined. 

2 Bibl. 69, S. 287. 

3 Bibl. 69, S. 288. 

‘ The point of contact is usually in or near the quadrate tubercle. 
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same height one under the posterior faces of the condyles and the other under the 
great trochanter, thus the neck and head can fall below the standard vertical plane 
(see Plates IV and V). 

Any bone is said to be in its normal position when its standard vertical plane 
coincides with the horizontal board of the osteometer, and its standard horizontal 
plane with the fixed vertical board, 7.e. when the bone is in the position for finding 
the oblique length. For the natural position of these standard planes we require to 
make the base-board of the osteometer vertical and the fixed board horizontal. 

We next assume that the axis of the shaft is nearly parallel to the standard 
vertical plane. This, as in all attempts at accurate definition by points, lines and 
planes in osteometry, is only a very rough approximation to the truth. As a rule the 
axis of the shaft is neither a straight line, nor parallel to the standard vertical plane’. 
Thus it comes about that (i) our definition of the angle of torsion cannot be accurate, 
and (ii) we do not really use it. What we do measure is the angle between the 
standard vertical plane and the projection on the standard horizontal plane of a line 
treated as the capito-collar axis. 

The process actually adopted to find the torsion was as follows: two boards 
at right angles were taken; the upper plane of one, horizontal, passed through the 
centre of the object glass of a camera, and the second, vertical, was parallel to the 
focal plane of the camera. The focussing screen of the camera was replaced by 
a sheet of ground glass and the image of the upper edge of the horizontal board 
provided a horizontal line which was drawn in on the ground glass. The femur 
was now placed in the standard position (see above) on the horizontal board, the 
infra-condylar plane coinciding with the vertical board, and the image of neck 
and head focussed on the ground glass, a strong electric light being cast on the 
head. The operator now drew with a pencil the anterior and posterior boundaries 
of the image of the neck on the ground glass and marked also on the glass the 
centre of the head from the marked point on the bone. The sheet of ground glass 
was now taken out of the camera, and the minimum horizontal diameter of the 
neck drawn and bisected, the line joining this bisection to the image of the centre 
of the head was taken as the projection of the capito-collar axis and the angle 
between this line and the horizontal base line measured with a protractor. This 
angle was taken as the angle of torsion. The drawing of the neck and the centre 
of the head was removed by a moist sponge, the ground glass replaced in the 
camera and the process repeated on another femur. Clearly our torsion is the 
angle between the fundamental vertical plane and a line taken to be the projection 
on the fundamental horizontal plane of the capito-collar axis. In order to follow 


* It would undoubtedly be convenient to define an arbitrary line as the theoretical axis of the shaft. 
As inferior point it would be easy to take the mid-trochlear point O. The superior point S is more 
difficult of determination. It might possibly be taken on the line joining the centre of the head to the 
top of the great trochanter and at such a position that the plane through this axis perpendicular to the 
standard vertical plane bisected the transverse platymeric diameter. Only ample experience with the 
contour tracer could determine whether the point S thus determined divides the line from tip of great 
trochanter to centre of head in any constant ratio. 
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out accurately our first definition, we should require to determine far more definitely 
than has been done at present the axis of the shaft. And even then there would 
be no certainty that such an axis, as far as it represents any physical axis of the 
shaft, really lies in the same plane as the capito-collar axis. Nevertheless torsion 
is such a definite physical character of the femur that some attempt must be made 
to measure it: see Plates IV and V. Actually we believe that most anatomists 
appreciate the torsion by resting the bone in the standard position and then judging 
the torsion by the inclination of a supposed axis of head and neck to the horizontal. 
It will be seen that this inclination is precisely what we have endeavoured to 
measure by the above camera process. 

How far does this differ from earlier methods of determining torsion? Broca 
in 1872 invented his “tropometer,” although his description of it was not published 
until nine years later’. The instrument itself involves setting two pointers to the 
“axis of the condyles.” Broca measured the torsion of over 600 humeri and 
150 femora with his apparatus, but we do not know how he determined the axis 
of his condyles. Job in 1891” invented a “trepsimeter” which in some respects 
is an improvement on the tropometer. This also involves setting pointers to the 
terminals of the “axis of the condyles.” Before we consider Job’s determination 
of this axis, let us consider what the most recent writer has to say on the subject. 
Parsons tells us that a hole “is drilled in the internal condyle of the femur, 
starting on its inner side in front of the summit of the inner tuberosity, and running 
parallel to the surface of a table on which the femur is lying so that the back of 
each condyle is touching the table (see fig. 3, line CD). Into this another knitting 
needle is placed’.” 

Now here is the same vagueness that we have had frequently to complain 
of in Parsons’ descriptions of what he has done! According to his description 
the above knitting needle might be im any direction whatever parallel to the 
standard vertical plane. If he really means that it may be, then why not use the 
standard vertical plane straight off without the trouble and danger of drilling 
a hole? If he means it to be parallel to the trace of the standard vertical plane on 
the infra-condylar plane, then that line is given to him by the osteometer at once 
and all his work to determine ‘“‘the axis of the condyles” was not only unnecessary 
but a fruitful source of error. Without an adjustable drilling machine even those of 
us who have had workshop experience would find it impossible with a simple bradawl 
to drill a hole truly horizontal; most men would make an error of at least one or two 


* Bibl. 26, p. 385 e¢ seg. Broca was led to the subject by the discussion which followed the memoirs 
of Martin and of Meyer (Bibl. 4 and 7). 

2 Bibl. 53. 

* Bibl. 111, pp. 241—2. We should like to enter a strong protest here against the growing custom 
‘of piercing holes in valuable and often unique craniometric and osteometric material. It not only risks 
the breakage of the specimen but it is apt to ruin the possibility of enquiry of other kinds at a later 
date. For example, Parsons has probably destroyed in his material any possibility of a later investigator 
dealing with the band-radii of the internal lateral ligament. 
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degrees and the untrained mechanic considerably more. Anyhow such a drilling was 
wholly unnecessary. The origin of the process in Parsons’ mind, we think, must 
be sought in the fact that Broca used pointers to indicate the ‘axis of the condyles,” 
but the reason for Broca’s doing this was that in his opinion the “axis of the 
condyles is not parallel to the standard vertical plane. Parsons simply ignores 
all the discussion which has taken place on this very point, and his paper might 
well have been written in 1857, the date of Charles Martin’s pioneer work. Job, 
who dealt very fully with this point in 1891’, writes as follows: ‘Les insertions 
des ligaments latéraux de larticulation indiquent évidemment les extrémités de 
l’axe autour duquel tourne la surface articulaire des condyles.” But these insertions 
are areas and not “points anatomiques précieux pour indiquer les extrémités de 
laxe transversal de cette épiphyse.” Areas will not determine a true line, and 
this point is we think really recognised by Job for he notes that the insertions are 
irregular, “formées de dépressions et de saillies inconstantes, variables avec les os 
et seront difficilement appréciables sur les os jeunes.’ We may add that femora 
of a distant epoch and particularly disinterred material will frequently be badly 
damaged over these insertion areas, 

Job himself apparently gives up these ‘points anatomiques précieux” and 
remarks: “la face externe des condyles est limitée en arriére par un bord assez 
exactement circonférential, dont le centre cherché avec le compas, se trouve juste- 
ment au niveau des insertions ligamenteuses’.” Our author considers that by aid 
of the compass we can thus obtain two mathematical (not anatomical) points and 
so determine a true line, and that this line is free from pathological modifications 
of the surfaces and individual variations of ossification. Now our comment here 
must be considerable. In the first place the edges of the condyles which are to 
determine these circles are in the majority of cases damaged. In the next place 
if they are not damaged, it is well to note that they do not form a sharp curve 
of any kind, not even a plane curve; it is proposed therefore to find the ‘“‘centre” 
of a curve not lying in one plane by taking equal distances from its contour to 
a most irregular surface passing through that contour but nowhere on its level. 
Without insisting on the mathematical impossibility of solving this problem, we 
may state that in our opinion it admits of no practically valuable solution’. 
Practically only a small part of the condylar contour has even the same radius of 
curvature. We are quite unable to agree with Krause’s drawings of the condylar 
contour which gives an are of about 90° with an average radius of 19 mm. Even 
in Bertaux’s reconstructions‘ from Krause’s figures it will be found that the ares 
are not circles of the radii marked on them. The fact is there is no such thing 
as an ‘“‘axis of the condyles,” and to try and find it is to follow a will o’ the 


1 Bibl. 53, p. 27. 2 Loc, cit., —p. 27. 
* The inequality of the vertical and horizontal band-radii is evidence that no such “ centre” exists. 
* Bibl. 52, pp. 129—130. Bertaux’s own diagrammatic sketches of internal and external condyles 


(pp. 132—8) give far greater inequality between the two condyles than seems to us on the average to 
exist. 
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wisp. The articular surfaces of the condyles act partly as roulettes and partly 
as glissettes and the axis of rotation changes continuously during the motion of 
the femur round the knee joint. The best expression of the curves involved would 
be by a median rather than by an edge section of the condylar articular surfaces, 
for this would be free of the extreme variations of the edge section. To a very 
rough approximation such sections are equal and circular on the posterior and 
inferior surfaces of the condyles, but to the extent to which they are such the 
condyles would be turning about an axis parallel to the standard vertical plane, 
and therefore this axis is determinable by simply placing the bone in the standard 
position on the osteometer. This is the only “axis of the condyles” we have felt 
able to admit. Our torsion is clearly the torsion out of the standard vertical 
plane, and this appears to have been the character considered by Martin and Hamy. 
Its validity has been denied by Lehmann-Nitsche and others who apparently take 
the most projecting points of the condyles, 1.e. those that would be touched by 
the calipers in measuring the bicondylar width, but no proof has been given that 
such points correspond to any true axis of rotation; they are frequently defective 
in actual material (we were only able to take the bicondylar width in about 
68 per cent. of our material) and further the friable condition of many bones would 
prevent the grip of the needles of Broca’s or Job’s instruments (much more the 
use of a bradawl!) at such points we are wholly in agreement with the view of 
Hultkrantz approved by Klaatsch: “Es ist nur in den spiteren Phasen der 
Beugung, dass die Bewegungsachse annaherend fest liegt; dann ist sie aber auch 
der die hinteren Abschnitte der Kondylen tangierenden Ebene parallel und bildet 
denselben Winkel mit der Collumebene wie diese*.” 

We now come to the important point of marking the axis of the neck from 
the superior view, and we have here simply repeated our method of joining the 
centre of the head to the midpoint of the minimum diameter of the neck. This 
minimum diameter of the neck is now the minimum horizontal diameter of the 
neck as seen in projection on the standard horizontal (infra-condylar) plane. Our 
method is wholly different from that of Parsons. He says’: 


A hole is drilled with a bradawl in the centre of the head of the femur—that is to say in the upper 
and front part of the fovea capitis. The direction of the hole does not follow the long axis of the neck 
as seen from above, but is drilled in such a way that it would come out of the shaft just below the great 
trochanter, midway between its anterior and posterior margins (see fig. 3, line AB). This, I think, is 
important, as it is the torsion of the shaft which we wish to obtain. A long steel knitting needle is 
placed in this hole. 


We are quite unable to follow Parsons’ reasoning. He wishes to measure 
“the torsion of the shaft” and he fixes one point on the shaft although rather 
vaguely*, but the second point is not on the shaft but in the fovea of the head, 


1 Bibl. 87, p. 614 et seg. 2 Bibl. 111, p. 241. 
3 As before we can only say that even with workshop experience we do not believe that without 
a special adjustable drill it would be possible to make the bradawl come out where Parsons anticipates 
it would ! 
42 
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a very variable region and capable of being moved into all sorts of positions by 
change of direction of neck, set of head on neck, etc., etc. Hence whatever Parsons 
is measuring, he is not measuring an angle free of the neck to the slightest extent 
and we consider that he would have done more wisely to follow the usual rule 
of taking the axis of the neck. Had he wished to exclude the neck he should 
have taken for his second point on the shaft a point on the mesial face about 
the level of the trochanter minor, and about midway between this trochanter and 
the boundary (?spiral line) between mesial and anterior faces. There would be some- 
thing to be said for such a measure of torsion, although in our opinion it could 
only supplement not replace the older method. We find no argument in favour 
of the innovation introduced by Parsons. It has only rendered his torsional values 
incomparable with those of other observers’. 

But there is a still more serious source of error in Parsons’ measurements. 
He has got his two needles in position ; how does he determine the angle between 
them? This of course ought to be done by an optical arrangement throwing the 
images of the needles on a plane nearly if not exactly perpendicular to the axis of the 
shaft. Parsons says, “formerly I threw the shadows of the two rods on a screen by 
a lamp placed in a line with them, then pencilled the shadows and measured the 
angle between them’.” Clearly all will depend on the orientation of the screen 
relative to the bone; in the next place, “a lamp placed in a line with them” would 
refer to a source of light placed anywhere on the hyperboloid of one sheet generated 
by a line through the axes of the two needles, and the angle will therefore depend on 
the position of the lamp as well as of the screen. This appears to have been 
discovered by Parsons, for in his final method he seeks a special generator of this 
hyperboloid. Of course it should be the generator of the hyperboloid parallel to the 
axis of the shaft and perpendicular to the screen. Parsons takes it to be the 
generator joining the point where one needle comes out of the head and the other 
out of the internal condyle*. This generator, so far from being parallel to the axis 
of the shaft, makes a greater and greater angle with it, the greater the torsion of the 
bone. This will be at once apparent if the reader will examine a femur from 
the mesial aspect. We hold therefore that it is impossible to compare his and our 
results for torsion, just as it is impossible to compare his and our results for the 
cervical angle. 

The lesson of course is twofold: (i) the need that exists for standardisation 
of the femoral measurements, and (ii) that standardisation should be based upon 


' If the reader will examine Parsons’ diagram, fig. 3, Joc. cit., p. 242, he will see that his construction 


gives in that case an angle of torsion of 16°, while the more usual procedure would only give one slightly 
less than 10°! 


2 Loc. cit., p. 242, 
* “The points at which the two needles come out of the femur are then got into line with the eye and 
the angle between the two rods measured with a transparent celluloid protractor with the bone resting 


on a flat surface about the level of the eye,” loc. cit. p. 242. How was the protractor held, perpendicular 
to the shaft to the generator or in a vertical plane ? 
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combined anatomical and geometrical knowledge. We are quite aware of the 
difficulties which surround the measurement of femoral torsion, but we think our 
determination gives approximately the same angle as French and German scientists 
would have provided. The “axis of the condyles,” as far as it has any meaning, is 
parallel to the trace of the infra-condylar plane on the standard vertical plane. This 
trace is of course not perpendicular to the “‘axis of the shaft,” neither is the capito- 
collar axis. The chief question is: What plane we shall project them on to in order 
to obtain the angle of torsion? The answer should be on a plane perpendicular 
to the “axis of the shaft.” But this axis has not yet been rigidly defined ; in our 
view it may have no physical existence as a strazght line, and if it were defined 
theoretically as a line from the intercondylar point to a determinable point on 
the superior surface of the neck (or the meet of the platymeric transverse and 
antero-posterior diameters) a new instrument would have to be devised to determine 
the torsion, because although the tropometer would give a plane perpendicular 
to this axis it would not without considerable modification give also the “axis of the 
condyles” as above defined. To escape these difficulties we have for the present 
investigation projected our ‘axis of the condyles” and our capito-collar axis on 
the infra-condylar plane, a plane which owing to the obliquity is not accurately 
perpendicular to the axis of the shaft. But if ¢ be the true angle of torsion, 
7 the angle found by our process, and » the true obliquity of the shaft, it is easy to 
see that 
sin 4¢ = sin $7/cos . 

Now the misfortune is that the obliquity of the shaft (0.s.) as measured by 
Broca’s osteometer is not the true obliquity w, but the angle between the perpen- 
dicular to the infra-condylar plane and the projection of the shaft on the standard 
vertical plane, and it is clear that the axis of the shaft slopes to the standard vertical 
plane, as it does to the standard horizontal plane. If we could once agree as to what 
should be considered the “axis of the shaft” a correction could be made for the 
difference of.» and 0.8.; or it would be quite feasible to design a good instrument 
for setting the axis of the shaft into a definite position relative to the standard 
planes. It must be noted, however, that as }¢ and $7 are small the difference of @ 
and 0.8. only introduces terms of the second order into the above formula, and thus 
very approximately we can take 

t=r{1+-00015 (0.8.)*}, 
where 0.8. is the obliquity in degrees as measured in Broca’s manner. Since 0.8. is 


roughly about 10°, we must add about = to the value of 7 to find the true torsion. 
For example the mean male right femur in our data gives 


r=14°24, 0.8. =9°-39, 
which gives t=14°'43, agreeing to the decimal places recorded with the value 
determined by the fuller formula. Thus our method of estimating the torsion is 


not likely to produce an error in the mean values of more than 0°:2, and correction 
can be made if desired by the above formulae for the obliquity. 
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(,) Torsion of Shaft. It seemed to us that, the torsion of the neck and head 
being generally negative or a retorsion, it was very desirable to determine even if only 
in some approximate method the proportion of the torsion due to the shaft and to the 
neck and head. In order to achieve this we need to select a diameter of the shaft 
in the infra-trochanteric region. Such a definite diameter is very difficult to 
fix upon. It must be free of any relation to the head and neck, and must not 
be influenced by the small or large trochanter. After much consideration we 
could not find anything as good as the terminals of the platymeric antero-posterior 
diameter. These are marked points on the bone, and their neighbourhood provides 
two almost parallel and relatively flat surfaces upon which it is easy to clamp the 
torsiometer. Plate XXI exhibits from two aspects the instrument devised by one 
of us. It can be attached to the antero-posterior platymeric diameter by screws 
terminating in small planes or sharp points, the latter being generally more con- 
venient ; the line joining the centre of the protractor to the zero of the protractor- 
scale is then parallel to the antero-posterior diameter. The instrument is then 
turned round this diameter until the plumb-line just hangs freely, 7.e. the protractor 
is in a vertical plane. The reading then gives the angle between the perpendicular 
to the standard vertical plane and the platymeric diameter, that is the angle between 
the standard vertical plane itself and the plane through the axis of the shaft 
perpendicular to the antero-posterior diameter. In practically every case the torsion 
thus measured was greater than the total torsion discussed under (x,). In other words 
the main factor in torsion is that of the shaft, the torsion due to neck and head is a 
retorsion, or turning back on this primary torsion. This point has not we believe 
been hitherto quantitatively determined and adequately dealt with. The present 
torsiometer allows the retorsion to be easily found, and the two contributory factors 
to be considered independently. 

(y) Obliquity of the Shaft. This is the angle between the perpendicular to 
the standard horizontal plane and the projection of the axis of the shaft on the 
standard vertical plane (0.8., see Diagram A, Plate I). It is read by the goniometer 
attached to the Broca osteometer*. The obliquity is often spoken of as the angle 
between the axis of the shaft and the standard horizontal plane. This is of course 
not true as the shaft axis is not parallel to the standard vertical plane, but the long 
arm of the Broca instrument is or should be so’. There is some judgment required 


1 That instrument is not very well designed ; it is not possible to elevate and depress the goniometer ; 
the result is that it is too high above slender bones producing the danger of parallax, while some massive 
femora will not go beneath it and have to be specially treated. Further the rod should be so adjusted 
that the reading is taken at an edge, not by its axis, The actual angle to be read is covered by the rod 
itself. Thus unless one removes the long arm of the rod before reading, which may easily upset the 
adjustment, one has to read the angles on either side of the rod and take their mean. 

> Parsons’ description is again so vague that we cannot say what he has measured. He writes (/oc. 
cit., p. 242): “ The obliquity of the shaft. I measure with a goniometer having a long pointer, which 
can be placed in front of the long axis of the femur, the two condyles of which are resting on a flat 
surface. The angle recorded is that between the obliquity of the shaft and the vertical.” How the 
obliquity of the shaft can be the angle between the obliquity of the shaft and another line we fail to 
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in placing the long arm of the Broca instrument appreciably parallel to the projection 
of the axis of the shaft, as it involves contemporaneous shifting of the bone and 
rotating of the arm. Our endeavour was to bisect the anterior surface of bone by 
the long arm at the sections where the transverse platymeric and popliteal diameters 
were taken. ‘The danger of the present instrument arises from parallax. A wedge 
slipped under the great trochanter till the proximal end approaches the arm of the 
goniometer as well as the distal might improve matters, it would bring the shaft 
more nearly parallel to the base-board of the osteometer. But not only does this 
cause the condyles to rotate on both planes of the osteometer, but it renders the 
bone still more difficult to shift about. There should be a vertical and horizontal 
transverse motion of the goniometer possible to save readjustment of the bone. 
We have simply placed the bone on the osteometer and measured the obliquity 
in Broca’s manner. 

(z) The pseucdo-obliquty. The angle «a used by Dr Warren’ must not be 
confused with our obliquity of the shaft angle. Dr Warren’s angle a is obtained 
_, vertical projection of oblique length 

maximum length 
approximately in the same plane as the vertical projection of the oblique length, 
and the maximum length is not parallel to the axis of the shaft. We have not 
calculated the angle a, but its values for the mean bones as compared with the 
means of the obliquity of shaft are as follows: 


from cos The maximum length is only 


Male Female 
English 
Right Left Right Left 
a for mean femur;..+:4-c-.- O97 lay O73) [70 7°02 
Mean obliquity of shaft ... 8°69 11°59 9°39 Teh 
Mean a for Naqada ......... 5°79 — 7°22 = 


These results seem to indicate that the angle a is not a true measure of the 
obliquity of the shaft. The maximum sexual difference in the obliquity is 0°°7 
in the right femur, and it is not possible to say that there is for English data 
a conspicuous sexual difference in the obliquity. But there is a very marked excess 
of female over male in the angle a. This excess appears to indicate, not as has 
been supposed greater obliquity in the female but possibly, for corresponding oblique 
lengths, a shorter length of capito-collar axis in the female. 


grasp. Further, is the “vertical” the actual vertical or the vertical of the femur, and if so how is it 
determined? The two condyles can rest in a multiplicity of positions against a multiplicity of flat 
surfaces ! 


‘ Bibl. 77, pp. 136, 153—4. 


100 capito-collar length 
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Forming the index [= oblutemlencte , we have 
Male Female 
Right Left Right Left 
English ...... L383 17°36 16°82 16°74 
Naqada ...... 15:96 15-51 — 


which shows that relative to the oblique length the female femur has a shorter head 
and neck. But it is not easy to see how a difference of 0°5 in this index would 
account for 14 to 2 degrees difference in the angle a. For were the capito-collar axis 
horizontal, which it is far from being, this could only corresponds to an angular 
difference of about 0°:3. It will be noticed later that there is some, but not a very 
great sexual difference in the angle of neck and shaft. It appears therefore probable 
that it is some small differences in the shape of head or internal condyle, which largely 
modifies the position of the maximum length in male and female femora. If we 
100 oblique length 


take the index = : , we have 
maximum length 
= 
Male Female 
Right | Left Right Left 
| 
99:32 | 99:39 99-23 99-27 


and it is on these very small differences in the indices that the large differences in a 
probably depend. An error of one millimetre in the estimation of the maximum length 
can change an index from 99°46 to 92:24, which corresponds to more than 1° of angle 
in Dr Warren’s a. Thus even if the means of the indices or angles be significant, it 
is hardly possible to be sure of a for a single case to 1°, and this is of the order of 
the sexual difference involved. We are not, indeed, able to determine a small angle 
accurately from a cosine not accurately known to four significant figures. 

This digression has been needful to explain why Dr Warren’s measurement 
of the obliquity has not been recorded in the present paper. Its applicability 
seems to depend on the parallelism of maximum length and axis of shaft; this is not 
usually true, and even if it were true, a very small error in the determination of 
either oblique or maximum length would involve an error in Dr Warren’s angle 
of the order of the sexual difference. It seemed best to measure the obliquity by 
Broca’s instrument although that is by no means a markedly exact process. It does 
not in English material indicate any sexual difference in the obliquity, and the 
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sexual difference in the ratio of oblique to maximum length is produced rather by 
sexual differences in the shapes of the condyle and head than by sexual differences 
in obliquity’. 

The true nature of the difference between a and the true obliquity is indicated 
on Diagram A, Plate I. Here on the left of the figure we have drawn parallels to 
the axis of the shaft and the maximum length, and then rotated the maximum 
length round to obtain the angle a. It will be seen to be 2° to 3° smaller than 
the true obliquity, a result confirmed by a comparison of mean values. 

Bowing. We now come to an important matter, namely the “bowing” of the 
shaft. Some measure of bowing is necessary, if we accept the view that the curvature 
of the Spy femur’ is a racial feature, or if we need to determine the influence of 
bowing on pilastric development’. The question of measuring bowing was we believe 
first raised by Kuhff* in his paper of 1875. He simply takes it as the height of the 
highest point of the anterior surface above the standard vertical plane. He was 
followed in this by Bertaux’. This measure is obviously very fallacious. A robust 
bone with massive great trochanter and condyles, but with practically level anterior 
surface of diaphysis, would still have great bowing. Evangeli-Tramond, without 
giving reason for the choice, takes as his curvature measurement the distance from 
the “point culminant de la courbure de la ligne Apre*” to the standard vertical 
plane, so that he might actually be measuring as one factor absence of pilaster! 
In 1907 Antony and Rivet’ approached the matter from a more scientific standpoint. 
They measured the curvature of the anterior face of the diaphysis. They determined 
the length from epiphysis to epiphysis as chord and measured the subtense of the 
anterior are with Verneau’s cephalometer. From chord (c) and subtense (/) they 


found 

R=(e-+4f)/8f 
As criticism of this we note that the above expression is only true for a circular are, 
and that owing to comparative flatness near the epiphyses the frontal contour may 
have two points of inflexion. On this account we cannot agree with them that it is 
without great importance what points are taken as superior and inferior limits of 
the are. 

Lehmann-Nitsche* measures as Kuhff, the bone being in the standard position 
on the osteometer, the height of the highest point of the anterior surface above the 
base-board and terms 100 times this height divided by the maximum trochanteric 
length the index of bowing. Although he uses this index he notes that it is 

* Dr Warren’s figures (Joc, cit. p. 153, and Plate 22, Fig. (i)) suggest that the maximum length of 
the femur is the distance between the point of contact of the internal condyle with the fixed vertical 
plane of the osteometer and the point of contact of the head with the sliding vertical plane when the 
femur is in the oblique position on the osteometer. We do not think this is correct; the maximum length 
may be 1 to 2 mm. greater and this is more than sufficient to account for the sexual differences in a 
found in this way. 


2 Bibl. 43 b2s, Plate XX. § Bibl. 57, p. 130 et seg., and Bibl. 81, p. 29. 
4 Bibl. 19, p. 437. 5 Bibl. 52, p. 180. § Bibl. 65, p. 28. 
7 Bibl. 97, p. 226. 8 Bibl. 69, p. 286. 


K. P. 
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“ungenau, da nicht angegeben wird, wo der héchste Punkt der Diaphyse liegt.” 
He considers that the most accurate method would be a projection drawing of the 
anterior curvature of the diaphysis “viewed from the side,” but he makes no 
use of this suggestion, nor does he state how he would quantitatively determine 
the bowing’. 

Bumiiller? takes as usual an individual line, but we cannot think that in this 
respect he has been very successful. He appears, if we follow him correctly, to have 
placed his bone with its lateral side on the base-board of the osteometer and its 
posterior face against a vertical side wall of the instrument. Bumiiller says that the 
bone was so placed that ‘die vordere Kontur mit einer der auf der horizontalen 
Messplatte befindlichen Lingslinien zusammenfiel.” We cannot understand this 
as the “ vordere Kontur” would surely be not only a curve, but a curve raised above 
the base-board, and it is difficult to see how it can be made identical with a straight 
line. Bumiiller next brings a broad set-square perpendicular to the base-board into 
contact with the platymeric region of the anterior face, and measures the angle which 
this set-square makes with one of the longitudinal lines of the base-board. It is 
difficult to follow his description, but at best all he seems to be measuring is the 
angle which a tangent to the platymeric area roughly parallel to a plane touching 
the bone laterally and itself perpendicular to the standard sagittal plane, makes with 
the standard vertical plane. We do not think it possible to consider this angle as a 
reasonable measure of the bowing, and (presumably owing to the inflexion ?) Bumiiller 
himself says his method cannot be applied when the central portion of the diaphysis 
is markedly bowed. 

Guldberg*® in 1905 follows Lehmann-Nitsche’s suggestion of a projection drawing 
of the contour of the anterior surface, presumably of the whole diaphysial length, 
and he measures the subtense. But he appears more interested in the drawing itself 
than in a quantitative measure of the curvature. He found in 2 out of 90 femora 
no bowing (zero subtense), and he terms such the infantile type, because he found in 
newborn infants that the anterior surface was almost straight. He does not state 
whether he considered the subtense in these cases in relation to the length of the 
diaphysis. The maximum subtense was found either in the middle or somewhat 
nearer the proximal end, rarely nearer the distal end. It will be clear from the 
above that from Lehmann-Nitsche onwards the futility of Kuhff’s “height above the 
table” measure of the bowing has been very fully realised. 

The most recent writer, Parsons, on the femur, gives a measure of the antero- 
posterior bowing of the shaft. If we follow the description of his measurement 
correctly, he determines the distance from the standard vertical plane of the point of 
the anterior diaphysial surface furthest removed from that plane, and divides it by the 


* Lehmann-Nitsche wrote in 1895. Already in 1893 Manouvrier had described as quite “illusory ” 
the method adopted by Kuhff and Bertaux for measuring the bowing, i.e. the use of the maximum 
distance of the anterior face from the standard vertical plane. Bibl. 37, p. 130. 

? Bibl. 81, S. 140. 

* Bibl. 93, S. 295 et seq. 
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oblique length to obtain his index of bowing’. We do not think this index measures 
what is needed. It is invalid on the same grounds as the Kuhff measurement,—a 
short bone with massive condyles and emphasised intertrochanteric ridge would have 
a high index of bowing, even if the anterior diaphysial surface were quite flat ! 

The ideal theoretical method would be as follows: Clamp the bone with the 
standard horizontal plane horizontal, and draw in the manner of Michel? or that used 
by us for popliteal, pilastric and platymeric sections, a series of cross-sections parallel 
to this plane. Determine the centroids of these cross-sections by the Amsler Inte- 
grator, and plot these centroids, in projection on a plane perpendicular to both 
horizontal and vertical standard planes*. Assuming the actual “axis of the bone” 
to be a curve in space, a point which this process could be used to settle, this 
projection of the line of centroids is the nearest approach we could probably make 
to the solution of the problem of bowing. The chord of this, from platymeric 
cross-section to popliteal cross-section and the corresponding subtense, could then 
be found, and 100 subtense/chord taken as the index of bowing. Of course the 
curvature could be found from a knowledge of subtense and chord, but we believe 
that an index, «.e. a measure, quite independent of linear dimensions of the bone is 
essential. We take the chord from platymeric to popliteal cross-section in order to 
get rid of the inflexional tendencies between these sections and the epiphysial borders. 

It stands to reason, however, that any application of this ideal method would be 
impossible in the case of a long series of bones, one bone alone would take a couple 
of days’ work. We have accordingly proceeded as follows: The bone was placed 
with the standard sagittal plane horizontal, and standard vertical plane vertical, 
z.e, with condyles and intertrochanteric ridge against a vertical plane, the direction 
of the shaft being nearly horizontal; a ‘knife edge” projector‘ was then carried 
along the anterior surface of bone from the extremity of the popliteal antero-posterior 
diameter to the extremity of the platymeric antero-posterior diameter, these two 
extremities having previously been slightly readjusted by aid of a scribawl, while the 
bone was rotated a little on the standard vertical plane, so that they were at the 
same height above the horizontal plane. Thus the projection of the frontal contour 
is drawn on the horizontal plane, z.e. the original position of the standard sagittal 
plane. The projections D,,, D, », of the extremities of the platymeric and popliteal 
antero-posterior diameters are especially noted. The chord Dj, Dyo. is ruled in on 
the drawing, and the parallel tangent to it obtained by aid of straight-edge and 
set-square in the usual manner. The point of contact of this tangent gives the 


1 Thus his values are not comparable with Lehmann-Nitsche’s, who used the maximum trochanteric 
length for his denominator. 

2 Bibl. 92 ds, p. 110. A good many interesting points as to the double curvature of shaft might 
be cleared up by Michel’s method. We are unable to follow his mechanical discussion and believe it to 
be fallacious. Clearly the stresses in the bone depend on the moment of inertia, not on the area of the 
cross-section, and the bending moment considerations want more ample analysis. 

8 Tt is convenient to term this antero-posterior plane the standard sagittal plane of the femur; the 


plane has direction but not position. 
4 T.e. a Klaatsch contour tracer with the scriber replaced by a vertical knife edge. 


36 A STUDY OF THE LONG BONES OF THE ENGLISH SKELETON 


maximum subtense fairly accurately, but as the position of the point of contact 
is subject to some error of determination, if the bone be fairly flat, the ratio in which 
the subtense divides the chord is less capable of accurate determination. 

The drawings show at once the inflexional tendency in both platymeric and 
popliteal regions; they show further that the maximum subtense is as a rule nearer 
to the proximal end of the bone. On both these counts it seems to us impossible to 
use Antony and Rivet’s diaphysial chord and subtense, which they assume may be 
used to find a radius of curvature from a circle formula. If we still continue to 
speak of a diaphysial chord and subtense the reader must remember that these are 
peculiar to our method of determining bowing, and that the former is not the length 
of the diaphysis. 

Accordingly we have the following additional characters : 

(A,) Diaphysial Chord. 

(A,) Diaphysial Subtense. 

(A,) Diaphysial Chord Segment, or the distance from foot of subtense to 
proximal end of diaphysial chord. 

(B) Primary Index of Bowing. I,=100 diaphysial subtense/diaphysial chord. 

(zz) Secondary Index of Bowing. This is 100A,/A, (see below under Indices). 
It measures skewness of bowing. 

Various authorities have taken a variety of other measurements not included 
in the above list. Thus some investigators take the mid-girth or the “grosseur” of 
the French anthropologists. We have been unable to convince ourselves that a tape 
measurement in the pilastric region can, owing to the difficulty of fitting accurately 
the tape in the neighbourhood of the linea aspera, be of any real service’. Again 
the girth of the head seems to us to be as accurately determined from the vertical 
diameter, or from the mean of vertical and horizontal diameters, multiplied by 7 as 
from actual measurement. We have entirely discarded the upper breadth (“obere 
Breite” of the Germans) as capable of small accuracy in determination and very far 
from homogeneous anatomically. We have also not taken the angle between head 
and neck, agreeing with Klaatsch that it is too vague a quantity to be determined 
reasonably without much expenditure of time and a long series of conventional 
directions, which would probably fail to become standardised. 

Indices of the Femur. We have calculated the following, besides the platy- 
meric, pilastric, popliteal, bandradial, collar and bowing indices referred to already. 

(aa) The Bicondylar Width Index (I,j,). This is 100 x bicondylar width/maxi- 
mum length. It might be termed for brevity the Bicondylar Ratio. 

(bb) The Popliteal Bicondylar Index (I,,,). This is 100 x popliteal width/maxi- 
mum bicondylar width, and might be conveniently termed the Doffit Index. This 
index as far as we are aware was first introduced by Hepburn’, and may be 


* The reader who wishes to convince himself of the difficulties attached to a tape measurement 
of the pilastric region should, if no series of femora are at his service, study Dr Warren’s drawings of 
the pilastric sector on Plate 23 (Bibl. 77), or indeed those of our anc: 

* Bibl. 71)" p.t 135: 


~ 
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taken as a measure of the manner in which the popliteal area expands to the 
condylar breadth, 7.e. whether continuously as usually in the modern femur or more 
or less abruptly as in the Prthecanthropus femur: see the diagram on our p. 10. 
Klaatsch’ used a similar index four years later, but he takes the popliteal transverse 
at 2 cms., not 4 cms., above highest point of patellar articular surface in front of 
external condyle. Our Plate XXXII illustrates the point to be brought out; W. 85 
has the normal popliteal surface, but in W. 121, W. 285 and W. 104 we have 
approach to the Trinil femur in the shaft not spreading out till we get much closer 
to the condyles. The popliteal bicondylar indices for these bones are : 

W. 85:1.=566,  W. 285: J,,=39'1, 

Wasi [erase emWeeT 4 = T8972 

The index has just possibly some sexual importance, the shaft in the popliteal 
region being larger relative to the bicondylar breadth in the female than in the male. 
See Diagrams A and OC, Plates I and II. 

(cc) The Pyramidal Popliteal Index. This index is taken to be 100 x popliteal 
width/popliteal length (J,,, see Diagram A). It is a measure of the pyramidal 
form of the popliteal surface, which, roughly speaking, is of ‘“ Eiffel Tower” shape. 
Although the determination of the apex is not very definite we think this index may 
have service for its racial value; it is not a sexual character. 

(dd) The Primary Capital Index. This is 100 x maximum horizontal diameter 
of head/maximum vertical diameter (J,),). This index is a measure of the perfection 
of the hip-joint as a Hooke’s joint, and is therefore of considerable interest. In 
modern European man, however, we do not find it more perfect than in primitive 
man (13 Cromagnon femora give 100°00 exactly !) or than in the lower races or the 
anthropoid apes. It may be termed the Hllipticity of the Head. 

(ee) The First Capito-collar Index. This is 100 x vertical diameter of head to 
length of capito-collar axis (J,,). It is a measure of the relative slenderness of the 
capito-collar system. 

(ff) The Second Capito-collar Index. This is 100 x ratio of lengths of capito- 
collar axis and of shaft (J,,). 

In order to study the properties of the neck, its minimum vertical diameter (n,) 
and its minimum horizontal diameter (n,) were measured, that is to say its minimum 
diameter parallel to the standard vertical plane, and its minimum diameter 
perpendicular to the plane. 

(EE) Primary Index of the Neck. This is 100 x minimum horizontal diameter 
of neck/minimum vertical diameter (J,,,,,,). It measures the Ellipticity of the Neck. 

(FF) Secondary Index of the Neck, This is 100xminimum horizontal diameter 
of the neck/minimum horizontal diameter of the head (J,,,,). 

(99) The Third Capito-collar Index. This is 100 xratio of the capito-collar 
length to the bicondylar width (J,,). This index is of some interest owing to the 
near equality of the two lengths. We may term it the Epiphysial Ratio. 


1 Bibl. 87, p. 654. 
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(hh) The First Transversal Ratio. This is 100xratio of the pilastric 
transverse diameter to the platymeric transverse diameter (J,;). We term it the 
Index of Gracility (upper). 

(7) The Second Transversal Ratio. This is 100xratio of the pilastric 
transverse diameter to the popliteal transverse diameter (J,,). We term it the 
Index of Graciity (lower). 

These two Transversal Ratios are measures of the deviation from the transverse 
uniformity of the shaft in the gorilla. 

(jj) The First Shaft Index. This is 100 xratio of the pilastric transverse 
diameter to the length of the shaft (J;,,). It is a measure of the slenderness of the 
shaft from the anterior aspect. We term it the Index of transverse slenderness. 

(kk) The Second Shaft Index. This is 100 xratio of the pilastric antero- 
posterior diameter to the length of the shaft (J,,,). It is a measure of the slenderness 
of the shaft from the lateral aspect. We term it the Index of sagittal slenderness. 

(Wl) The Index of Popliteal Skewness. This is 100 xratio of the direct to 
the oblique antero-posterior diameter of the popliteal region (J,),). 


The Chief Length Indices. 


(mm) The Direct-Oblique Length Index. This is 100 x ratio of oblique to 
maximum length of femur (Lj),). 

(nn) The Direct-Oblique Trochanteric Index. This is 100 x ratio of trochanteric 
oblique to direct length (J,;,). 

(00) The Secondary Capital Index. This is 100 x ratio of vertical diameter 
of head to maximum length (J,,). 

(pp) The Fourth Capito-collar Index. This is 100 x ratio of capito-collar axis 
to maximum length (/,,). We term this the Primary capito-collar longitudinal 
Index. | 

(qq) The Bicondylar Trochanteric Index. This is 100 x ratio of bicondylar 
width to trochanteric length (J,,). Klaatsch’ appears to prefer this to (aa); but we 
doubt if there is much stress to be laid on the difference. 

(rr) The Fifth Capito-collar Index. This is 100 x capito-collar length/oblique 
length (Ly). Both (pp) and (rr) are needful for comparative purposes, as some 
authorities have used one and some the other. This is the Secondary capito-collar 
longitudinal Index. 

(ss) The Condylar Trochanteric Index. This is 100 x ratio of external condylar 
length to trochanteric length (J,,.). 

The above seem to comprise the most important and suggestive length indices 
of the femur. We have also determined : 

(tt) The Index of Robusticity of the Femur. This is 100 x ratio of the sum 
of the pilastric diameters to the oblique length (J@,yj). Such an index has been 
much used by French writers, but they usually take the pilastric girth. 


1 Klaatsch defines his index as we have stated it, but appears to use the inverse ratio. 
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(uu) The Index of Robusticity of the Head. This is 100xratio of sum of 
diameters of head to the oblique length (X,p,,,2). A similar index is used by French 
writers using the girth of the head. 

(vv) The Condylar Index. This is 100 x maximum external condylar length/bi- 
condylar width (J,,,). 

(ww) The Third Capital Index. This is 100 x vertical diameter of head/bicon- 
dylar width (J,,). It is like (gq) convenient as a measure of the relative development 
of proximal and distal epiphyses. This is the Capito-bicondylar Index’. 

(xx) The Condylar Lengths Index. This is 100 x the ratio of external condylar 
to internal condylar maximum length (J,,,.). It is held by Bumiiller and Klaatsch 
to be a very distinctive differential criterion between the femora of modern man, 
primitive man and anthropoid apes. 

(yy) The Popliteal Shaft Index. This is 100 x popliteal length/length of 
shaft (Lnj.)- 

(zz) The Secondary Index of Bowing. This index, already referred to 
p- 36, is 100xdistance from foot of diaphysial subtense to proximal end of 
diaphysial chord/diaphysial chord (1,4). This index is a rough measure of the 
skewness of the bowing. 

Various additional indices have been used by other investigators. In several 
cases they are open to criticism. The above seem, however, to form a sufficiently 
comprehensive system for describing the main characteristics of the femur and for 
comparison with earlier determinations. 


1 The reader will probably have noted in the terminology for these indices how inconvenient it 
is that we have no single name for the combined neck and head of the femur, i.e. the portion of 
the femur separated off by the intertrochanteric ridge and the antero-intertrochanteric line. We 
suggest the name “bust.” (pp) and (rr) might then be much more simply termed the primary 
and secondary bust ratios. ; 


CHAPTER Vil 


ON THE SEXING OF THE FEMUR 


PERHAPS the gravest difficulty associated with a study of the long bones is the 
difficulty of sexing them. One of the main objects of sexing—apart of course from 
the avoidance of the statistical difficulties arising from heterogeneity of material— 
lies in the desire to discover sexual differences in the skeletal frame. But if a priori 
we lay stress either in the long bones or in crania on any features as sexual criteria, 
we naturally find that they are sexually differentiated characters when we come after 
sexing to measurement. This evil is immensely emphasised when the anatomist has 
a personal preference for sexing by one or, perhaps, two special characters. Thus 
one anatomist lays stress on the nasal bridge, another on an “infantile forehead,” a 
third on the frontal sinuses, a fourth on the mastoids, a fifth on the “size of the neck” 
in sexing crania; the result of measurement in all such cases will be to emphasise the 
sexual differences due to these characters; and this not uncommonly confirms the 
individual in the choice of his peculiar characteristic. In order to avoid this very 
specious reasoning we need standard series of measurements on material wherein the 
sex is definitely known. Such series can be obtained only (i) by measurements on 
the living, (ii) by measurements in the post mortem or dissecting rooms, or (iii) by 
measurements on skeletal remains, where the sex is archaeologically determinable. 
A process less definite than these as applied to the long bones, but often of value, 
arises in the case where the whole skeleton has been found 7m stw and preserved 
apart. In this case a judgment of sex can be made from the cranium or pelvis which 
is distinctly more weighty than if the judgment as to the sex of an isolated long bone 
has to be made from that bone alone. In the case of the Naqada long bones not only 
were, as a rule, all the long bones of one skeleton known, but usually the pelvis and 
cranium were also present, and judgment as to sex was for Dr Warren a fairly easy 
matter’. In the case of our English femora from plague pits or clearance pits there 
was no chance of reconstructing the skeletons; each bone had to be judged by its own 
features, and the problem thus became much more difficult. 

Of the three methods we have referred to above but little help can be obtained 
from the first; the presence of enveloping tissues renders any real appreciation of the 
usually fine sex-differences exceedingly improbable by direct measurement. A more 


' In the “anatomical” sexing of the present series of bones the judgment has been made on as 
wide a series of characters as possible. 


2 Bibl. 77, p. 138. 
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hopeful line of attack might be developed by aid of stereoscopic radiography, and 
something would be worth while attempting in this direction, The second method of 
research was suggested in a circular issued in 1899 by the present writer in conjunction 
with Professor Bertram Windle to the chief English and foreign anatomists pressing 
for measurements on the long bones of corpses similar to those of Rollet in France. 
This appeal produced practically no results in England, but met with sympathetic 
attention from Professor Gustav Schwalbe. Unfortunately, when nearly 200 corpses 
had been measured in Strassburg, a catastrophe has swept the material out of sight, 
and the chance of its ever being available for biometric treatment now appears small. 

The third method seems to be capable of considerable expansion beyond what 
has at present been achieved. A request to Professor Flinders Petrie to bring home 
all long bone material the sex of which could be archaeologically determined from 
features of the grave or wrappings has led to the possession by the Biometric 
Laboratory of a considerable amount of sexed material. When the buildings of the 
new Laboratory are opened it is proposed to exhibit alongside each other collections 
of male and female long bones. The collections will not be large enough to reach by 
measurement sexual differentia, but it is hoped that the inspection of the series will 
be of considerable help in classifying bones of unknown sex. These collections were 
not available for the sexing of our present material, and we therefore had to fall back 
on other processes of estimation. We appealed in the first place to several anatomists, 
but their reply was discouraging when considered from the standpoint of how definite 
such sexing from the purely anatomical appreciation was likely to be. Some light 
is thrown on the whole subject by a paper of 1904’ by Professor Thomas Dwight 
of the Harvard Medical School. Dwight sums up earlier literature on bone-sexing, 
and states the case before the publication of his paper as follows: 

“The femur again is a bone that is to the expert of much value. A typical male 
and a typical female femur can hardly be mistaken ; but practically there are a great 
many thigh bones, perhaps 75 per cent., on which an expert would be unwilling to 
give an opinion by methods hitherto in use. Without going as far as Professor 
Brinton’, we may say that with our present methods, excepting the pelvis, and even 
this is not always conclusive, in the great majority of cases the expert must form his 
opinion of the sex of bones from their general appearance, and that comparatively 
rarely can he speak (still excluding the pelvis) with any great certainty*.” 

Dwight proposes to get over this difficulty for the long bones generally by 
paying attention to the relatively smaller size of the articular surfaces of the long 
bones in the female, and considers especially the heads of the humerus and the 
femur. He dealt with the problem by aid of the method classified as (ii) above, and 
measured 100 male and 100 female bodies, used for anatomy and surgery in the 


1 Since this paper went to press Gustav Schwalbe has passed away. Amid the clash of arms 
which has brought out the real small-mindedness of many acclaimed scientific authorities, we would 
wish to pay our poor tribute to a singularly suggestive, accurate and generous minded German scientist. 

? Bibl. 90, pp. 19—34, 1904. 

3 Who declared that “Apart from the pelvis there is no guide to the sex among the bones.” 

* Loc. cté. p. 19. 

K.P. 6 
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Harvard Medical School. He took the measurements of the head of the femur with 
the cartilage still fresh, and the bodies were those of adult whites; he does not pay 
attention to right and left bones separately. He finds © 


Mean maximum diameter, head of femur ~ ... 49°68 mm. 
39 99 be) Oe) 99 2 Se ee 43°84 ” 


This maximum diameter is taken wherever it is found without regard to position. 

The difference in means is thus considerable, and marks a noteworthy sexual 
mean difference of 5°84 mm. The problem, of course, is the relation of this difference 
to the “overlap,” 2.e. considered in relation to the variability or standard-deviations 
of the male and female bones. Dwight considers the similar difference in the lengths 
of 200 femora, of which the data were provided by Hrdlicka. He gives 

Average “length’,” male ..» 449°5 mm. 
Hp - female; Ss.. AAO bres 


Here the difference is 34:0 mm., and Dwight appears to consider that this difference 
is less important than the difference in the diameter of the head because it is a less 
proportion of the mean quantity measured. Or, as he puts it, the female is 92°44 °/, 
of the male in the length of the femur, and only 88°24 °/, of the male in the case of 
the diameter of the head. Of course, such mean proportions are wholly idle for 
sexing unless in each case the differences be considered in relation to the variability 
of the characters under consideration. Dwight states definitely on p. 27: 

“Tt is very evident that the difference between the bones of the arm and thigh 
in the matter of length are much less important sexually than those of the diameters 
of the heads.” 

As a matter of fact, it is questionable whether there is really much in the 
difference, and what there is could only be accurately determined by a consideration 
of the mean differences in relation to the variabilities. Such a crude process as that 
of comparing sexual “ overlap’” to total range of both sexes gives : 

Length of Femur Diameter of Head 


Sexual Overlap tit 43 


Total Range, both sexes ii 
and shows that there is slightly more relative overlap in the case of the diameter of 
the head! Of course, this is a very crude test, but it is better than nothing at all, 
and it does not bear out Dwight’s statement*, We shall show in Chapter IV that 


1 T presume this was the “oblique length.” All Dwight says of the length is: “The length of 
the thigh bone was taken by the bicondylar method” (loc. cit. p. 27). 

> We do not hold Dwight’s attempt to remove extreme “overlappers” justifiable; the same 
process might be used equally legitimately (or illegitimately!) to remove extreme cases in the total 
range as well. Both processes are dangerous when the number measured is so few. 

* “When the work was far advanced I regretted that I had contented myself with measuring 
only the heads instead of taking the length and perhaps the thickness of the bones. Although as a 
practical anatomist I know no one would think of determining the sex of either of these bones by its 
length, I felt that it would be difficult to answer anyone who might ask how I could be certain that 
there is a greater discrepancy between the articular heads of the bones than between the lengths” 
(loc. cit. p. 26). Dwight does not seem to have really got that answer from Hrdlicka’s data. 


PART I. THE FEMUR 43 


there is a nearly equal sexual difference in several other characters of the bone, and 
that to give special weight to one or other individual character is likely to be mis- 
leading. Examining Dwight’s diagram, given in a modified form on p. 45, we think 
we may say that a femur with diameter under 44°5 mm. may, for this character in 
Dwight’s material, be recorded as $; that between 44°5 and 45°5 it may be recorded 
as $4; that over 49°5 it may be recorded as ¢; and that between 48°5 and 49°5 it 
should be recorded as $? Lastly, between 45°5 and 48°5 the only information from 
size of the head to be recorded should be sex doubtful—or with the symbol we have 
adopted elsewhere, 3. 

Similarly with regard to absolute oblique length in Hrdlicka’s data, femora 
under 400 mm. may be recorded as 2, between 400 and 410 as 22, over 470 as 2, 
between 450 and 470 as 3%, and finally between 410 and 450 as 6 or of unknown sex. 
No stress whatever is to be laid on the actual values of the above numbers; we 
have no right to apply them directly to other or to dry material, because: (i) these 
measurements have been made on markedly heterogeneous populations—those of the 
dissecting-room material in Boston and New York—and (ii) there is the difficulty of 
making due allowance for cartilage’. 

Parsons, in his recent paper on “‘ The Character of the English Thigh Bone’,” 
appears to have disregarded these points. He compares his means for diameter of 
head with those of Dwight as follows : 


Head of Femur. 


Parsons : 49-0 43 4 
Dwight : 49-5 43°8 

But unless there is no racial variation in the head we should not expect this 
correspondence, for : 

(a) Parsons’ and Dwight’s material must be different in race and period ; 

(b) Parsons’ bones were dry and Dwight’s moist ; 

(c) Dwight himself tells us to deduct 2 to 3mm. for cartilage from his 
measurements and not the 0°5 mm. difference found by Parsons. 

As we have said, we do not know whether Dwight means 2mm. to 3 mm. to 
stand for one or both thicknesses, but it seems to us that (i) Parsons ought to have 
inferred that his Rothwell population of the middle ages had a femur at least as 
differentiated from the modern American population as Maori from modern British ; 
and that (ii) his dichotomies for sexing, which he confessedly based on Dwight, 
ought to have been reduced by anything from 2 to 4mm. if he were going to apply 
measurement on moist bones with cartilage to dry bones without cartilage, even if of 
the same race. The large ditferences which such changes will make in his definite 
sexing are obvious, but we cannot believe that he has any right, even on the basis of 


1 Dwight says he went to great trouble in the matter, and thinks 2 mm. to 3 mm. should be 
allowed for cartilage in the head of the femur. We presume him to mean altogether, but he does not 
distinctly state whether it includes both ends of the diameter. 

2 Bibl. 111, p. 253 e¢ seg. 
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Dwight’s results, to adopt 45 mm. to 47 mm. as the range of primarily undetermined 
sex. On Dwight’s own showing it should be something like 42 or 43 mm. to 44 or 
45mm. But if Parsons had adopted these values, he would have found very different 
sex groups, or he would have been obliged to say that his material and Dwight’s - 
were racially distinct—as, indeed, we think they certainly are. But in this case, 
what becomes of his application of Dwight’s sexual tests to the Rothwell material’? 

But even in Dwight’s material, can any justification whatever be found for 
treating all bones over 47 mm. in head diameter as male? Of the 35 femora with 
diameters of 48 mm., 14 are ? and 21 $ according to Dwight, or 2 out of every 5! 
It is impossible, on any rational theory of sexing, to write against such bones 
anything but 6—+.e. sex undetermined—for this character. 

We have spent some time over this matter of the sexing by aid of the head of 
the femur because, although we do not believe in the rules provided by Dwight, still 
less in Parsons’ application of them to his own material, nor in sexual difference 
being much more marked in the head of the femur than in several other 
characters, we still think that measurements made on the bones of the corpse would 
be of great service in deducing practically mechanical methods for sexing bones, when 
proper allowances are made (i) for moisture of bones and presence of cartilages, and 
(11) for reduction of racial differences to a common norm. 

Let us explain our ideas on the subject. The measurements made in the 
dissecting-room will hardly exceed 100 to 200 of each side and sex, if we confine 
ourselves to adults. The resulting frequency-distributions will therefore be irregular, 
and liable to tempt the uninitiated to assert that “outliers” of either sex may be 
neglected as ‘“‘abnormal’.” They must be graduated by smooth frequency curves, 
and here the normal curve will probably suffice to give the distribution sufficiently 
closely. From these curves we can deduce something like rules for sexing by the 
character under consideration. A dichotomy which gives, at that character value, 
only n°/, males, where n is a small number, may be taken to mark the bone for this 
character as 2; one where only n°/, are females as ¢; dichotomies which give only 
n°/, to m°/, males, where m is a moderate number, and again only m*/, to n°/, 
females, may be used to form the classes 2? and $? respectively ; while between the 
dichotomies with m°/, males and m°/, females we frankly record the bone as of 
unknown sex (6). We have now five classes, and these categories should be made 

* There is another point arises here: Dwight takes equal numbers of both sexes, but our 
judgment would be much modified, if we had examined Dwight’s graphs for very disproportionate 
- numbers of the two sexes; the female adults would probably in any living population exceed males, 
but in any ossuarium will this be true? The female bones are slightly more slender and perhaps 
less likely to be preserved, while in more primitive society the grave of the male may be of a 


better protected character, or more significant and easy of discovery. The larger sex group will 
always show the more “stragglers” for small totals, 

* “The amount of overlapping was wonderfully reduced by the elimination of a few stragglers,” 
“the wide spread of overlapping is due to a few aberrant specimens.” ‘What is most remarkable 
is that after this elimination of extreme formations the overlapping is limited to diameters of 45 and 


46 mm.”—all sentences due to Dwight and indicating an insufficient knowledge of the law of distri- 
bution of anthropometric variations in small samples. 


Frequency 
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Diacram I. Dwight’s Data, Measurements in Post Mortem Room. Maximum Diameter, Head of Femur. Sex known. 
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for, say, 4 to 6 suitable characters. We thus obtain for each bone using six 
characters a series like: 2, 22, 9, $?, 2%, 6. The balance of such a classification will 
almost invariably determine the sex of the bone as definitely as we know the sex 
of a cranium. In our actual work on these lines we gave a mark +2 for ?, +1 for 
2%, 0 for 6, —2 for g, —1 for ¢? The above series indicates femaleness by 5. Bones 
with zero may be marked 3, or, better, settled by general anatomical appreciation 
as ¢? or 2? Into which classes we may also put bones of 0 to —2 and of 0 to +2 
respectively. The accompanying Diagrams I and II represent Dwight’s data for the 
head of the femur and the length of the femur reduced in this way, and show 
suitable dichotomies. The actual choice of n and m is not of such importance as might 
at first sight appear, if all characters are given approximately the same 1 and m. 

The following values have been taken, based on the fitted frequency curves: 

00 == Si neve ae 


Hence, for fresh bones, we have the sex-scales running thus in round numbers : 


Femur g ; | 9? | 3 3? 3 


Maximum Diameter of Head. mms. <43°5 43°)—45:5 | 45-5D—48°5 | 48:°5—50°5 | > 50°D 


Oblique Length. cms. [> 37:5]? | 37:5—40°5 | 40:5—45°5 | 45-5—47°5 


But these results clearly apply to moist bones with the cartilages attached, and 
to the somewhat heterogeneous white material of Boston and New York dissecting- 
rooms. How can we test whether it would be legitimate to apply them to our 
seventeenth century English material? We take, first, the head of the femur. We 
have measured vertical and horizontal diameters of both sides independently, ¢ and @. 
Dwight has not distinguished side and has measured the maximum diameter 
wherever found, $ and ?. The results to be compared for the means—our sexing 
being independent of Dwight—may be tabled as follows: 


Head of Femur in mm. 


London Seventeenth Century Femora 


Dwight Maximum Diameter a 
Vertical Diameter Horizontal Diameter 


Side 


‘ Even this is rather generous, but might be allowed in view of the abrupt cut-off of males at 
39°5 cms., which, however, suggests some rejection of small male corpses. 
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As the vertical diameter is for both sexes greater than the horizontal diameter, 
we may compare this against Dwight’s values. The excess of Dwight is nearly 
the same in the two cases, t.e.2°75mm. Assuming, therefore, that Dwight meant 
2 to 3mm. to stand for the whole effect of the cartilage, we can very reasonably 
consider that Dwight’s numbers as given in the above table would apply to the 
sexing of our London material if, 3mm. say, be subtracted from the limits of each 
category for moisture and cartilage’. 

We now turn to the oblique femur length as measured by Hrdlicka. The 
following table contains comparative results : 


Length of Femur im cms. 


Dwight-Hrdlicka London Seventeenth Century Femur 

Side & 2 Side & 2 
44°95 41°55 R. 44-44 40°64 
L —- — L 44:55 40°52 


These results would seem to show either (i) that our material is significantly 
different from Hrdlicka’s, or (ii) that he measured his without cartilage attached. 
Otherwise we think there should be at least a difference of 1°5 to 2°5 mm., while we 
only find 0°5 mm. for males and 1:0 mm. for females. Parsons gives for his $ R., 45°3; 
$6 1L., 45°6; and for his ? R., 41°5; 9L., 41°38; while Hepburn gives for 42 modern 
British (nearly all male, R. and L. together, and probably all Scottish), 45°9 cms. 
The difference between the London and modern Edinburgh data may well be due to 
racial differences, but if Hrdlicka’s femora were measured moist and with tissues 
attached, the New York material is sensibly shorter than the London or Edinburgh’. 
There seems small chance of our being able to use the Dwight-Hrdlicka femora 
lengths for sexing purposes, and we are not acquainted with other dissecting-room 
measurements of equal or greater frequency which could be used to obtain the 4 to 6 
characters requisite for efficient sexing by this method. Quite clearly archaeological 
sexing of the dry skeletons would be far more satisfactory than dissecting-room 
measurements (unless the bones are preserved) for the purpose we have in hand, 
but it may be long before fairly homogeneous material in large enough quantity is 
available. 


1 On the other hand, we do not see how it is possible to apply Dwight’s results to Parsons’ 
Rothwell data, unless we allow for a racial difference from the London bones, or suppose the 
selection from the Rothwell material has not been random. In either case Dwight’s results cannot 
be directly used for sexing the Rothwell bones. 

* It is, of course, possible (i) that Hrdlicka removed or allowed for the tissues, (ii) that the 
expression “length taken by the bicondylar method” used by Dwight does not refer to the oblique 
length. 
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The reader may ask, Is it not possible to obtain the two sex-frequency curves, 
as drawn in Diagrams I and II, from the material itself without appealing to material 
whose sex has been recorded archaeologically or is known at death ? 

The answer is in the affirmative, provided (i) we assume the male and female 
components to be both normal frequency curves, and (ii) there is adequate material 
to get a result fairly free from the very big errors of resolution which arise in the 
case of small samples. 

The method is that of Pearson’s first contribution to the mathematical theory of 
evolution’, which deals with the resolution of compound material into its components. 
There is little doubt in our minds that such a resolution can be very effective, if we 
assume the Gaussian or normal form of frequency, and if we have a considerable 
population. The Gaussian curve applies with such close approximation to many 
craniometric frequencies, and to anthropometric measurements on the living, that we 
have considerable justification for applying it in the present case. The weak points 
are the usual inadequacy of material in osteological problems and the considerable 
labour of the process, the latter point being of far less importance than the former. 
Further, it is possible to reduce the labour by fitting a Gaussian to such portion of 
one or other tail of the heterogeneous distribution as we can safely assume to be 
uniform in sex*. The difficulty of this method is that if we obtain, say, the Gaussian 
G, from the female tail and the Gaussian G’,, from the male tail, it does not follow that 
G,+G,, will coincide even in number (area) with the total observed population, and 
this divergence may be very considerable, when we are fitting a Gaussian by aid of 
a tail which contains, perhaps, or indeed usually in osteological cases, only 50 to 100 
individuals. It seems better, therefore, to proceed as follows: Cut off a portion F of one 
tail of the combined frequency curve, and fit a Gaussian G, to this portion / assumed 
to be wholly female. Then subtract from the total frequency on the male side of the 
dichotomic line the part of G, also on the male side, and fit a Gaussian G',,’ to the 
remainder. We thus reach, in number and mean, only the required total population. 
The difficulty of the process is that if we started by determining G’,, for the male tail, 
and sought the Gaussian G‘/ fitting the remainder, it is highly probable that G,, and 
G,, G, and G; will differ considerably in means, standard deviations and size of 
populations. We have, therefore, to deduce a sort of average result of the two 
processes’, The labour thus involved may, be almost as great as proceeding by the 
more accurate process of the fundamental nonic already referred to. 


1 Phil. Trans. Vol. 185 (1894), A, pp. 71—110. 
* Biometrika, Vol. II, p. 3 and Vol. VI, p. 59; Tables for Statisticians, p. xxvi. 
5 Let the constants of the processes involved be as follows: 
Ges fA o, and Mm, ; Go mn, Gand enes 
Gf: f', oy and n',; Gni ™, om and Np. 
Let the constants of the “average” components be 
F, 3, and ny, with M, 3, and n,, respectively. 


Then we must take: : 
ip = $ (ny + 0p) og Neg +0) eevcese tweets ens saveewn ds cacvere tues (i), 
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In Diagram III, we give the resolution of Parsons’ data for 279 measurements of 
the maximum diameter of the head resolved by Dr Alice Lee (see Biometrika, Vol. x, 
pp. 209—212), and in Diagram IV the resolution of 393 measurements on our English 
femora for vertical diameter of left femoral head’. These diagrams must be compared 
with Diagram I, which exhibits Dwight’s measurements on bones of known sex. Now 
the mean of Dwight’s whole series (f+) is about 47, of Parsons’ whole Rothwell series 
($+) about 47, and of our whole London series (f+ 2) 44mm. for the diameter of 
the head’. The first two series are incompatible, and we have little doubt that it is 
impossible to extend any rule of sexing from the Dwight data to Parsons’ without 
allowing for the circa 3mm. of cartilage. But even allowing for this and graduating 
Dwight’s data by Gaussian curves, we see that it is not possible to speak of femurs 
with heads of 46 to 47 mm. as alone of doubtful sex. If we take n=8°/, and 
m=25°/—surely even then rather broad limits for asserting definite sex and 
probable sex—we should find that the range of femoral heads from about 45:4 to 48°3 
was incapable of giving any information as to sex, and that the range of 48°3 to 50°4 
was only of probable male and that of 43°5 to 45°4 only of probable female character. 
We do not think anything more definite could be deduced from Dwight’s data. In 
round numbers and deducting about 3mm. for cartilage, etc., we should have for 


dry bones: 
= 40°52 SAPD gs 
40°5—42°5 97 A7*5—45'5 gf? 
42°5—45°5 3. 

This sexing would by no means fit with Dwight’s or Parsons’ own rules, but it 
seems to us as much as we can properly venture upon. We have next to ask what 
similar rules follow from the Rothwell and our London data treated in a like manner. 
The best we can do for Parsons’ data (see Diagram III) on the same 8°/, and 
25°/, basis is approximately : 


= 44°35 ¢ >49°5 gf 
A4-5==46'0 2? 49°5—-48'0 #? 
46°0—48°0 3. 
a saa (ii), 
Np + n Mm + 1m 
Mmopt+n oo 2 nn’ 
Sa AG ‘aed fect 2 
ny +0 (n, eget 0) 
if i mots ln oie @ oul’. VG yi gaaehbaet sauce ceunp cece (iii) 
SS) oS UES Ra eee a 
Nm + m (1m + 12mm)? 


(i) insures that the total populations dealt with are the same; (ii) that the mean value of the 
total remains the same, and (iii) that the second moment of the total is the same as that of the 
two components. , 

1 See also a paper by Pearson on Osteometric Sexing in Biometrika, Vol. x, Part Iv. 

2 Differences introduced by considering R. and L. members, and by dealing with horizontal, vertical 
or maximum diameters are of a lower order of magnitude, and do not explain the deviations between 
the three series. 
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Driacram III. Parsons’ Data. Maximum Diameter of Head of Femur. Anatomical Sexing. 
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Diacram IV. London Seventeenth Century Femora, Vertical Diameter of Head. Mathematical Sexing. 
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The heavy and slender dotted histograms give Parsons’ sexing and indicate 
very considerable divergence from the Gaussian curves and a somewhat singular 
preference for odd readings. We object strongly, having regard to the graduated 
frequencies, to the cutting off of all ?’s at 46! 

Turning to the London data for femoral head in Diagram IV, we find on the 
same rough basis : 

a4 Ned ee >45°5 ¢ 
41°5—43°5 9? 45°5—44°5 gf? 
43°5—44°'5 0, 

These results while not wholly discordant with those for Dwight’s data are 
inconsistent with those for Parsons’ data, and we must conclude that any sexing by 
size, even of the femoral head, must be based on the individual series under considera- 
tion, and cannot be transferred from one race or mixture of races to a second. 

We now turn to Diagram II, giving the oblique length of the femur from 
Hrdlicka’s measurements. Here if we adopt the same values for n and m, we 
find roughly that femora over 47°5 cms. are to be classed as g, femora from 45:3 
to 47°5 as $7, while femora from 40°7 cms. to 45°83 cms. are to be considered as 4, or 
unsexable from the oblique length. Below 40°7 cms. the class ??, probably 
female, begins, but we do not get down to the 8°/, limit till 36°8 cms., and the 
statement that femora <36°8 cms. are definitely female would be of small service’. 
It is this last fact which renders sexing from femoral length of less value than 
sexing from the femoral head. We will consider whether any other lengths give 
a more definite category of ?. We take first the trochanteric oblique length. 
The curves of resolution are given in Diagram V for 355 left bones, and in round 
numbers we have in cms. : 

<39°0 2 > 45°0 ¢ 
39°0—-40°5 2? 43°0—45°0 $2 
40°5—43'06. 

Thus it will be seen on these data that more satisfactory information as to 
sex may be deduced from the trochanteric oblique length than from the maximum 
oblique length. 

Diagram VI resolves the popliteal length for 404 right bones. It will be 
seen that this could be taken in nearly fifty more cases than the trochanteric 
oblique length. There is a redundancy of female bones in the case of the 
trochanteric oblique length, but there is a greater redundancy here. Further, 
the average values—? 11°02 cms. and $ 12°87 cms.—differ somewhat markedly from 
the values 11°20 cms. and 12°12 ems. found from the anatomical sexing. We 
attribute this to the marked lumping up of extreme popliteal lengths, possibly 
a result of random sampling or a result of difficulties in determining the “apex” 
(or true point of divergence of the internal and external supra-condylar lines) in 

1 These numbers are from rough dichotomies, and in two cases differ from those on p. 46 by 
a millimetre and a half-millimetre, 
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Diagram V. London Seventeenth Century Femora. Trochanteric Oblique Length. Mathematical Sexing. 
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Diagram VI, London Seventeenth Century Femora, Popliteal Length. Mathematical Sexing. 
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extreme cases. The result of this lumping up has been to reduce the male 
Gaussian component and raise its mean. Nevertheless, we hold that the sexing 
on the popliteal length may be of some value as complementary to the trochanteric 
oblique length, for it gives a more definite group of highly probable female bones, 
and we do not believe this is wholly due to the over-large reduction in the male 
contingent just referred to. 

The sexing scheme from the popliteal length would run as follows in cms. : 


< 10°60 $ > 14°50 ¢ 
10°60—11°45 ?? 13°20—14'50 $2 
11°45—13°20 6. 


Diacram VII. London Seventeenth Century Femora. Bicondylar Width. Comparison of Mathematical and Anatomical Sexing. 
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As a last illustration we take the bicondylar width. This is given in Diagram 
VII (see Biometrika, Vol. x, p. 485) and leads to the sexing scheme given below. 
We have taken R. and L. bones together and worked out the resolution for the whole 
material, youthful bones excluded. The result is surprisingly good. We are inclined 
to think (see Diagram VII) that bicondylar width is a better sexual character than 
diameter of head. The separation of the means is almost three times the standard 
deviation of either and the dip in the combined curve very prominent. We 
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regret that R. and L. bones were not combined to give the smoother results of 


larger numbers in other cases. 


measure of disagreement. 


ay ee 
72—74 3? 


There is reasonable agreement with the histo- 
grams for anatomical sexing with the Gaussian curves, 6°/, of bones being the 


In round numbers 


Sige 
76-18 &? 


74—76 3. 


Besides the above characters, the horizontal diameter of the head was taken, 
the maximum length, the oblique length, maximum trochanteric length, and the 
sub-trochanteric antero-posterior and transverse diameters; in most cases right 
and left bones were taken. In all some sixteen nonics were determined and 
resolutions discussed. In a number of these cases we admit failure to deduce 
a sexing scheme of any value. The ¢ and ? means determined were too close in 
relation to the values of the standard deviations to obtain satisfactory numerical 
appreciation of sex categories. When the male and female populations are not. 
widely unequal, then the distance from male to female mean should be something 
like twice the standard deviation of one or other sex to get any useful results. 
But there is another feature making for irregularity in the results: in dealing with 
the resolution for any character we avoided all appeal to pathological knowledge. 
We took the bones as measured, and did not differentiate between the Moorfields 


Table of Mean Values for each Sex found by ‘“ Mathematical” 
and “Anatomical” Seaing. 


Male Female 
i Left 
Character of Femur ies Left Right e 
cares Anatomical bes Anatomical reece Anatomical ee Anatomical 

Diameter of Head 46:8 mm. | 47:1 mm. | 47:0 mm. | 46:8 mm. | 40°9 mm. | 41:1 mm. | 40°9 mm, | 40:8 mm. 

(vertical) 
Diameter of Head 46:2 mm. | 46°6 mm. | 46°2 mm. | 46-4 mm. | 40-1 mm. | 40:7 mm. | 40°3 mm. | 40°5 mm. 

(horizontal) 
Popliteal Length 12-9 em. | 12°1 cm. ia ae 110 om) Piseccon a _ 
Bicondylar Width 80:5 mm.?| 80°1 mm, | 80°5 mm.?| 79:4 mm. | 70-5 mm.?| 70:1 mm. | 70°5 mm.'| 69°9 mm 
Maximum Length 43-8 em, | 44:8 cm. — — 40-4 cm. | 41:0 cm. — = 
Trochanteric Oblique | 43-1 cm. | 42:4 em. | 43:7 em. | 42°3 cm, | 39°5 em. | 38:6 cm. | 39°8 cm. | 38-6 cm, 

Length 
Maximum Trochan- | 44:0 cm. | 43°5 em. aa = 40:4 em. | 39:8 cm. as Lily 

teric Length 


. and L. bones were taken together for the mathematical reduction. 
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and Whitechapel material, further we did not discard obviously pathological 
conditions (e.g. rachitis). The result is that in certain series of measurements—for 
example, the maximum length—there were “tails” which considerably influenced 
the higher moments, and so the resolutions. To these irregularities, the relatively 
few bones used for each character also contributed. Thus the total number of 
bones classed as $ and ? varied considerably from character to character, and the 
standard deviations as determined from “mathematical” and “anatomical” sexing 
were not always closely in accordance. The accompanying tables indicate the amount 
of agreement obtained. We have inserted the diameters of the head, the popliteal 
length, the bicondylar width and the trochanteric oblique length which have been 
used for sexing, and also the maximum length and maximum trochanteric length, 
which were rejected for this purpose. 

The table on p. 54 brings out a fairly comforting degree of accordance in the 
means deduced by the two methods. It has been used merely as a confirmation of 
the results of sexing by general anatomical appreciation. The next table gives the 
variabilities for each sex in the case of a few characters. The agreement is not 
unimpeachable, but considering the relative smallness of our numbers, not so unsatis- 
factory. At any rate it gave us more confidence in sexing by general anatomical 
appreciation, than the very guarded opinion of several anatomists had previously 
permitted us to possess. 

We next investigated the degree of coincidence, not between constants of the 
distribution, but in the sexing of the individual bones as based upon the anatomical 


Table for Standard Deviations of each Sex found by “ Mathematical” 
and “ Anatomical” Seaxing. 


Male Female 
Right Left Right Left 
Character of Femur 
Mathe- 3 Mathe- 5 Mathe- ; Mathe- : 
Faationl Anatomical matinal Anatomical Thatival Anatomical ieatical Anatomical 


Diameter of Head 3:01 mm. | 2°89 mm. | 2°61 mm. | 2°80 mm. | 1°88 mm. | 2:08 mm. | 2°05 mm. | 2°00 mm. 


(vertical) 

Diameter of Head 2:99 mm. | 2°83 mm. | 2°77 mm. | 2°60 mm. | 1:56 mm. | 2:04 mm. | 1:52 mm. | 1:99 mm. 
(horizontal) 

Popliteal Length 1-15 cm. | 1:69 em, — — 1:27 cm. | 1:50 cm. — — 


Bicondylar Width 3°69 mm."| 4°03 mm. | 3°69 mm.'| 4°11 mm. | 3°48 mm.1} 3°39 mm. | 3°48 mm.!| 3-46 mm. 


Maximum Length 2-49 cm. | 2:23 cm, — — 2°15 cm. | 2°01 cm. — ae 

Trochanteric Oblique | 2°01 cm. | 2:06 cm. | 1°94 cm. | 2°15 cm. | 2°31 cm. | 1:93 em. | 2°46 em. | 1-95 cm. 
Length 

Maximum Trochan- | 2°25 cm, | 2-09 cm. os Be 1:90 cm: | 1°91 em. 


teric Length | 


1 R. and L. bones were taken together for the mathematical reduction, 
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appreciation and upon four chosen characters: Vertical Diameter of Head, Popliteal 
Length, Bicondylar Width, and Trochanteric Oblique Length. The “ mathematical 
rules” for sexing by these characters are given above and collected here again. 
We must beg the reader to note that they cannot be applied to other material, 
for the sexual differences are often less than racial differences. They must be 
deduced afresh for each new series’. We have chosen the above four characters 


Rules for “Mathematical” Seaing. 


Mean of 
unsexed material 
Character 2 g t 3} 3! 3 i) 
R. L 
Vertical Diameter of Head...... zthilalsy) Alea Assay, 43°5—44:5 | 44:°5—45-5 |>+45:5)| 44-55 | 44:08 
Popliteal Length ...........0..4++: <106 | 106—114°5 | 114:5—132 132—145  |}>145 ) 117-4 — 
Bicondylar Width seeae er Se, =e 14—76 (616 5. Is) 75°82 
Trochanteric Oblique Length... | < 390 | 390—405 405—430 430—450 |>450 | 409-2 | 408-0 


Mathematical and Anatomical Sexing in the case of 80 bones’. 


Math. Anat. Math. Anat. Anat Math. Anat. 
2 (+ 2) gt 3 (— 3) 3 3 (- 2) 3 3 3 (0) 24 
Ss d (— 6) 3 3 (— 3) 3 3 2 (+ 8) 91 
2 (+ 3) 3 d(- 4) 3! 3 (0) 2 ? 2 (+ 4) 4 
2 (+5) 34 PRES!) 3 6 (— 2) 3 : 2 (+ 2) 2 
8 (0) 3} 3 (- 5) 3 ? (+ 2) ? 3 ? (+3) : 
? (+ 6) 2 3 (—8) 3 94(4 1) gt z 241) 3 
2 (+4) 2 3 (— 2) 3 dg (—4) 3 ° ? (+ 3) 3 
dg (— 4) 3 CEs) Ot ? (+3) 3} 3 d(—5) 3 
2 (+ 2) 3! 2 (+ 6) : 3 (0) 3 : ited) 2 
? (+ 6) gt 6-4) 3 3 (— 4) 3 3 o(4+ 3) 2 
8 (0) 3 d(-7) 3 3 (— 2) 3 3 ? (+ 6) 2 
3 %(—1) 3 yeas 3 9 (+ 2) 4 S 2 (+ 8) ? 
2 (+ 3) O48 ? (+ 6) z ? (+7) ? ot 3 (—5) 3 
2 (+5) g 3 (0) 3 O44) 3 3 94(+1) 3? 
? (+ 2) ? é(= #) 3 2 (+ 2) 3} : o (44) oF 
? (+ 6) g 6 t(=) 3 9 (+7) ¢ 2 3? (—1) 3 
3 (— 2) 3 dg (— 2) 3 3 (0) 3? 3 dg (— 3) 3} 
3 (— 2) 3 2 (+ 3) ° (=) 3 3 dg (— 3) 3 
d (— 2) 3 Gite) ? 3 3 3 3 (— 6) 3 
? (+ 3) e 3(-5) 3 2 4 3 2) ? 


* Bearing in mind that the means and standard deviations change from race to race, we seé 
that only a rough appreciation of the sexual categories for one race can be deduced from those for 
another by altering the limits of the sexual classes for each character in the ratio of the means of 
the unsexed material for the two races. 


* Bones falling on either boundary of the categories ?? and ¢% have been taken to belong to 
that category. 
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because they seemed in the present case to provide the best sexual differentia from 
among the sixteen cases we analysed. None of the angles seemed suggestive 
of marked sexual difference; the question of the indices will be dealt with later. 

The table on p, 56 gives the sexing of 100 bones from our measurement 
tables by the above scheme, the quantitative degree of the “mathematical” sexing 
as well as the anatomical judgment being provided. Each tenth bone was taken, 
if not too broken, to give two significant measurements at least out of the four 
selected as criteria. 

The following table contains a concise analysis of the above 100 femora: 


Anatomical Sexing 


g ot 3 o? 3 Totals 

| 9 30 7 ie 5 3 45 
he 
S| 9% a 3 i 1 re. 
Cay 1 1 ni 2 4 8 
B 
E at pee = = ae 4 4 
ples| 
3 . 
ies a coil 1 2 32 35 

Totals | 31 ll l 10 47 100 


The high degree of correlation’ is at once obvious. Out of 42 bones 
classed by Dr Derry as ? or ¢? not a single one by the mathematical method 
was classed as male; on two the mathematician expressed no opinion, and of the 
10 remaining anatomical $%s, he agreed with Dr Derry in three cases and made the 
remaining 7 definitely female. It may thus be said that the mathematical method 
will give as female practically all the bones the anatomist treats as female. 
Turning to the male bones the results are not in such good accord. Of the 57 
femora sexed as male or doubtful male by Dr Derry, the mathematical method 
failed to give sex in six cases. Of the remaining 51 bones 38 were sexed as male 
or doubtful male also by the mathematician. The last 13 bones were classed 
anatomically as 6 $? and 7 g. Of the former group one was called ¢? by the 
mathematician and 5 ¢; of the latter group of anatomically definite males 3 by 


1 If we make a fourfold table between mathematical and anatomical males and females, halving 
the 2’s—and this is justifiable in that not sex, but our appreciation of it is a quantitatively measurable 
character which ranges from certitude of male to certitude of female—we find 

tetrachoric r= — +920 + -028, 


a high degree of relationship. We feel certain that such a correlation would not have been reached 
had not both anatomical and mathematical judgments been based on a considerable range of characters, 
and would no doubt have been bettered had that range in both cases been increased. 


K. P. 8 
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the mathematical method were given as definitely female and 4 as doubtfully 
female. If we judge by mere size proportions of the bone, the judgment of the 
mathematician made on the actual measurements of the bones must be more 
correct than any anatomical appreciation of unmeasured size; but the anatomist 
judges largely by muscular appearance, and as no weight has been given by the 
mathematician to this important character, it is clear that the anatomist has 
here the advantage. This would cease if we included in our list of criteria some 
measure of muscularity. No such measure has at present been taken, but it 
does not seem impossible, and it would undoubtedly render more perfect the 
mathematical method. Even as that method stands—without the developments 
and improvements of which it seems capable—it may well be that two anatomists 
will give sex determinations which differ more from each other than either do from 
the mathematical determination. 

But our main object in the present investigation has not been to replace 
anatomical appreciation by a mathematical method, but to ascertain how far 
anatomical sexing gave results which in the main could be confirmed by other 
processes. We consider that substantial confirmation has been obtained mathe- 
matically for Dr Derry’s sexing on general anatomical grounds!. We do not 
consider that Parsons’ appeal to Dwight’s results is adequate, the sexing from 
the actual measurements must be of a far more thorough nature and can only be 
undertaken by a trained statistician. A striking instance of the same incapacity 
to appreciate the methods of statistical science is evidenced in Parsons’ second 


* The agreement is really far greater than appears from the above merely numerical analysis. 
In nearly every case of the thirteen in which there was real disagreement there was small 
weight of mathematical evidence. Thus W. 10, given mathematically as +2 or ? and anatomically 
as $1, is a judgment based only on the popliteal length (104), the bicondylar width fails and the 
trochanteric oblique length and the vertical diameter of the head fall into the neutral area; the 
popliteal length, however, is essentially female. In W. 30, given anatomically as male and mathe- 
matically as +3 or 9, the trochanteric oblique length (379) and the popliteal length (105) are such as 
occur only in female bones, the bicondylar width (75) is neutral, and solely the head of the femur (45) 
points to doubtful maleness. In W. 40, which the anatomist makes $? as against the mathematical 
+5 or 2, the trochanteric oblique length is neutral, the head of the femur (42) is small and marks ? 9, 
while the popliteal length (104) and the bicondylar width (70) are essentially female in character. 
In W. 200, which is anatomically classed as $ and mathematically +1 or 9%, the trochanteric 
oblique length (381:5) is markedly female, but the head of the femur (46) is essentially male, the 
bicondylar width is neutral, which leaves the matter to be settled mathematically by the popliteal 
width of 112-5, which lies on the female side or is 9%. Again in the case of W. 460, which is 
anatomically male, every one of the four characters used as criteria falls on the female side of the 
neutral region, and the bone is mathematically +49. And so we could go through the whole series 
of differences; in all thirteen cases either the evidence for sexing is weak, or there is in one or 
more of the criteria a position of the bone which judged from our diagrams it would be very difficult 
to accept and give it other than the mathematical sex. In other words, where the mathematical 
differs essentially from the anatomical judgment there the sex has either been based on very slender 
evidence and the contradiction is more apparent than real, or there the sex is based on such very 
strong evidence that we are inclined to believe that the anatomical judgment would have been 
modified by a knowledge of the actual measurements. 
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paper on the English Thigh-Bone’. Nothing whatever can be judged by dotted 
charts of frequencies when one serves contains only twenty-five mdiiduals! In 
some of Parsons’ distributions the maximum group or a group equal to the 
maximum actually occurs at or almost at the tail of the distribution, and in no 
case has he made any attempt to replace his slender distributions by smoothed 
frequency curves in order to determine how much greater would have been his 
“overlaps” had he replaced his extremely small samples by the indefinitely large 
populations from which he has sampled. It is needless to say that the range of 
variation cannot be appreciated graphically, but only numerically, and then but 
roughly, from such small samples. We can give therefore no further weight to 
his new rules for sexes than to his former ones. If sexing is to be deduced from 
measurement, and not from general anatomical appreciation, then the investigator 
must understand once and for all that statistics is as definite a science as anatomy 
and requires a knowledge of its laws before it can be used effectively. 

In this chapter we have chiefly defended general anatomical appreciation of 
sex in long bones on the agreement it gives with mathematical sexing, but it is 
possible to show in other ways its effective character. 

As a suitable illustration we may note the degree of accordance between 
three separate sexings of some of the Nagada femora. Dr Warren first sexed 
these long bones largely on the basis of the corresponding pelves, and where these 
failed by using the first sexing of the corresponding crania; an independent sexing 
of the crania was later made afresh for the purpose of Fawcett’s paper on the 
Naqada crania. Lastly a third sexing was made on the femora solely as they were 
handled in Cambridge recently by one of the present authors on general anatomical 
grounds and after considerable experience of the sexing in the case of the London 
femora. We shall speak of these three sexings of the same bones for brevity as 
the pelvic sexing, the cranial sexing, and the general anatomical sexing. These 
sexings are compared in the tables on p. 60’: 

It will be seen that the correlations between the three methods of sexing are 
very high indeed, and that the judgment of sex in the case of 102 skeletons 
(102 crania and 204 femora) only differed absolutely in 2 cases, the remaining 
11 cases being ¢? in the case of one sexer or 2% in the case of the other. The 
general accordance is very good and, just as the mathematical sexing, it should 


1 Bibl. 114. On pp. 347 and 359 discredit is again cast on Pearson’s formula for the stature 
as deduced from the maximum length of femur by Parsons’ erroneous use of the male reconstruction 
formula to find a female stature! Actually Pearson’s ? formula gives 153°8 cms. for the Rothwell 
females and not 160 as Parsons states, which compares well with the London dissecting-room 
population (14 ?s only !), of which the length, presumably the corpse length, is stated to be 154-9 cms. 
Deduced from their measured femur lengths these corpses should have had a mean stature of 
153-6 cms., almost exactly the Rothwell value. 

2 The relatively small numbers in these tables arise from the non-coincidence of the series dealt 
with. Not every skeleton had both cranium and femora; many femora cannot now be identified 
with either Warren’s numbers or the cranial numbers and others have perished owing to their 


condition. 
ay 
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Pelvic Sexing Pelvic Sexing 
on 
é g Totals 5 cs 2 Totals 
bp a 
ee 66 13 79 <i lad 98 16 114 
a : 
ic: ? 5 96 101 3 fe) 6 96 102 
g <{ 
? 
Totals 71 109 180 3 | Totals 104 112 216 
3 : 
r='956 r ="956 
No queried sex was given in the pelvic No queried sex was given in the pelvic 
sexing, but in the cranial sexing 8 of the sexing, but in the general anatomical sexing 
13 group were given as $1, and 1 of the 5 11 of the 16 and 3 of the 6 groups were given 
group as 9%. respectively as ¢? and ??%. 


Cranial Sexing! 


on 

q 

h 3 g Totals 
oO 

M 

egaly 42 7 49 
5 

3 6 47 53 
A 

Bl Totals 48 B4 102 

paoat 


Of the group of 7, 2 were unqueried in both cranial and anatomical 
sexing, 2 were queried by one or other sexing and the remaining 3 were 
queried by both. Of the group of 6, 4 were queried by one or other sexing 
and the remaining 2 were queried by both. 


tend to give confidence in sexing based on general anatomical appreciation as 
distinguished from a mixed method, which pays attention only to the size of an 
isolated character or two. 

The chief conclusions that we have drawn from our mathematical investiga- 
tions, of which only a small portion is indicated in this chapter, are: 

(i) That confidence may really be placed in a sexing of the long bones based 
not on one or two individual characters, but on a general anatomical appreciation. 

(ii) That it is possible, but laborious, to deduce mathematical rules for 
sexing, but that for each series of bones they can certainly be found and that 
the advantage of this method is great, for it gives us a quantitative measure of 
the reliability of our judgment of sex. 


1 In these tables the use of the tetrachoric method can be defended as before; we are correlating 
not opposed categories, but continuous variates, our convictions as to the sex of the bone, which 
actually range from practical certainty of maleness through every shade of doubt to practical certainty 
of femaleness. 
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(iii) That methods like those suggested by Dwight and Parsons are quite 
unreliable having regard to our present knowledge of statistical and osteometric 
theory. 

And lastly : 

(iv) That the general anatomical appreciation and the mathematical judgment 
of sex will practically be in reasonable accord, if based on adequate con- 
siderations in both cases. 

In recording the sex of the femur in the present memoir we have tabled 
according to the general anatomical appreciation of sex, but in the case of some 
of the other long bones we have relied in the first place on the mathematical 
sexing and used the anatomical only as a secondary criterion in case of doubt. 


CHAPTER III 


ON THE CHIEF ANOMALIES OF THE FEMUR 


THE registration of anomalies is of very great interest from three different 
standpoints : 

(a) The proportion of the various anomalies occurring in a given bone may 
have racial significance and so enable us to form a racial scale. This scale may be of 
interest either as bearing on racial habit, if we suppose these characters due to 
habits or occupations, or on the other hand as bearing upon the evolutionary 
history of man, if we compare the frequency exhibited in our racial scale with 
that of the corresponding frequencies in other types of life. 

(b) If we assume that certain appearances or characters are due to habit or 
use, we should be able from a careful examination of a bone to predict some- 
thing of the life-history of its former owner. This conception, it must be admitted, 
is in the highest degree fascinating, but we must not allow that very fascination 
to carry us beyond the limits of scientific logic, and lead us, as some investigators 
have been led, to discover in the characteristics of a bone a graven record of 
the life of the individual of whom it once formed a part. When we find that practice 
develops muscle, when we find that great muscularity is associated with differential 
signs of muscular attachment, it may seem reasonable to suppose that the occur- 
rence of these signs marks an individual who has exercised his limbs in a particular 
manner. But it may equally well be that these differential signs are a needful 
antecedent of the capacity for developing muscle, and that their presence is not 
necessarily a sign of habit. We may find them not only in the very muscular 
male, but in the female and the infant, and in cases where no strenuous occupation 
could possibly have called them into existence. It is highly dangerous again to 
conclude from markings on bones which belong to a race, which practises certain 
postures, that the markings are due to the postures, for we may later discover 
them in infants of the same race—and thus our first dogma drive us to a second, 
that of the inheritance of acquired characters—or again in adults of another race 
who have never adopted the postures. In which case a third dogma, that of the 
existence of the atavistic acquired character, is requisite. 

(c) A record of the characteristics referred to may further be of great interest, 
if we have convinced ourselves that they are in the main congenital and hereditary. ° 
Studied in connection with their appearance in other types of life, where they 
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may still be of obvious service, they may help us to confirm the idea of a common 
ancestry for living forms, and may even throw light on the actual pedigree. 
Probably more would have been achieved in this direction had the biologist rather 
than the practical anatomist been first in the field. 

The following are the chief anomalous characters of the femur, which we 
have endeavoured to record; we have included under each some account of the 
history of its study. 

(i) The Third Trochanter. (See Plates XXVIII and XXIX.) The use of this 
term for an apophysis in the posterior subtrochanteric region and generally immediately 
below the great trochanter is we believe due to Cuvier. In the edition of the Lecons 
ad’ Anatome comparée of 1805, Tom. 1, p. 353", Cuvier refers to an “apophyse en 
forme de crochet” which appears on the femur of tapir, rhinoceros, horse, armadillo and 
beaver, but he does not call it a third trochanter. In the edition of the same work in 
1835, after Cuvier’s death, we are told by the editors (Laurillard and F. Cuvier) 
that in the loris and lemurs there is a projection at the basis of the great 
trochanter which may be considered a vestige of the third trochanter which is 
found in the mole, the chrysochlore and several other mammals (Tom. 1, p. 491). 
On p. 493 in a passage which was apparently inserted by Cuvier himself* we are 
told in the case of the beaver that : 


le fémur large, aplati d’avant en arriére, a, 4 son bord externe, une créte tranchante qui tient lieu de 
ligne 4pre et qui se prolonge vers son milieu en une apophyse a laquelle on donne le nom de ¢roisiéme 
trochanter. 


Cuvier then refers to forms of it in rodents—musk-rats, hares, rats—where it 
takes the form of a ridge or crest, and then to the rhinoceros, armadillo (where 
it is very large) horse, etc. The Editors on p. 501 state that the great gluteal 
muscle descends in armadillos and anteaters to the third trochanter and that this 
gives it great grip; the same muscle is attached to the third trochanter in the 
case of the horse. It will be seen that by the time of Cuvier’s second edition of 
the Anatomie comparée, the term was in use, it was recognised as an area of 
attachment for the great gluteal muscle, and the “nipple” and “crest” forms were 
distinguished. 

It is less easy to determine, who first drew attention to the existence of an 
occasional third trochanter in man. Cruveilhier in 1834* realised the occasional 
existence of the apophysis in man: 


La ligne apre, plus inégale en haut qu’en bas se bifurque 4 ses deux extrémités. Des deux branches 
de la bifurcation supérieure, l’externe, extrémement rugueuse, est quelquefois surmontée d’une éminence 
assez considérable [qui représente une espéce de petit trochanter—addition in later editions] et va se 
continuer jusqu’d l’apophyse volumineuse qu’on appelle grand trochanter (p. 275). 


1 Bibl. 1. 
* Cuvier had prepared, but left incomplete at the time of his death, this second edition. A suggestion 
we have met with that Cuvier first used the term ‘third trochanter” in describing the femur of Zqguus 


asinus we have been unable to verify. 
3 Bibl. 2. 
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Wilbrand in 1843 and Barkow in 1851 had mentioned a process relatively 
low in the femur and compared it with the third trochanter in the horse, tapir, 
beaver, etc. But it is doubtful whether this process is a true human third 
trochanter. We shall return to the point later, when dealing with the Processus 
supracondylordeus. 

Humphry writing in 1858* says: 

A rough prominent surface for the attachment of the tendon of the gluteus maximus—the great 


opponent of the psoas and zliacus—is situated a little external to the trochanter minor and runs for some 
distance down the hinder and out part of the shaft. 


To this paragraph he attaches the footnote : 


The space for the attachment of the glutews maximus runs out into a broad bold process in the hare 
and some other animals.... 


Clearly he had the third trochanter in mind, but the passage is obscure, and 
it might read as if the human third trochanter always existed as the point of 
attachment for the tendon of the great gluteal muscle, instead of being anomalous 
in man. Thus while Cruveilhier remarked the anomalous occurrence of the process 
in man, he does not directly associate it with the third trochanter of other mammals ; 
Humphry recognising the association says nothing about the merely occasional 
appearance in man. Finally in 1878 Luther Holden in a student’s text-book of 
anatomy, which lays no claim to scientific research, remarks? : 

Take the outer lip first. The ‘vastus externus” arises from it three-quarters of the way down. Along 
the upper third is a very rough surface for the insertion of the gluteus maximus. This part may very 
properly be called the “ gluteal ridge,” it is sometimes so prominent as to resemble the third trochanter 
of animals (p. 196). 


Here the anomalous character and the association with the third trochanter are 
both emphasised and as far as we can discover for the first time. Yet it is quite 
probable that Cruveilhier and Humphry had exactly these points in mind, but failed 
to give due expression to them. Indeed it is almost certain that Dupont in 1867? 
was dealing with the third trochanter in man, for after referring to an apophysis 
in the usual position of the third trochanter in the human femora, he terms these 
processes epitrochanters “according to the expression of Pruner Bey.” We have 
not been able to verify Pruner Bey’s use of the word, but the fact that Pruner Bey 
and Dupont used a misleading term for the third trochanter in man, calling it an 
‘“epitrochanter” when “ hypotrochanter” would have been better, does not deprive 
them of the merit of being among the first to observe this apophysis in man. 

Two years after Luther Holden, Waldeyer*, who was acquainted with the books 
of both Humphry and Holden, published the first special paper dealing with the third 
trochanter in man and emphasising its relation to that of certain mammals. His 
paper is chiefly historical, but has some sparse statistics of the frequency in man— 

1 Bibl, 5. 

* Bibl. 17. It must be remembered that previous to 1880 none of the big text-books of anatomy, 


Sappey, Heule, Quain or Krause, had referred to this third trochanter in man. 
PS Bibles: 4 Bibl. 25. 
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the earliest we have come across. From the standpoint of comparative anatomy 
Waldeyer gives little more than could be gleaned from Cuvier, Owen and Flower". 
He states that the third trochanter exists in many Insectivora (for example the 
hedgehog), Rodentia (hare, squirrel, beaver, etc.), in all Perissodactyla, with some 
Edentata (armadillo, orycteropus), but is wanting in the Artiodactyla. In this latter 
statement Waldeyer probably followed Flower who says it is entirely absent in known 
Artiodactyla’, But Houzé, who madeé a very careful examination of all the bones 
available in the Brussels Museum, found it among the ruminants in a rudimentary 
state and also in the hippopotamus*. Waldeyer does not refer to the existence of the 
third trochanter on certain fossil mammals as on the Typotherium (Bravard) or as it 
is sometimes called the Mesotherium (Serres). He says that the position of the third 
trochanter varies with the species, it is always in the neighbourhood of the linea 
aspera, but in some close under the trochanter major as in the hare and squirrel, 
in others as in the beaver a long way down the shaft; it is most voluminous in 
the horse and rhinoceros, as large as or even larger than the great trochanter. 

It will be recognised at once that the third trochanter is a very persistent 
character the presence or absence of which in species is of essential importance 
from the standpoints of both evolution and comparative anatomy*. It can hardly 
be explained away in man as the result of muscular development. Waldeyer 
himself examined twenty-two human skeletons and found seven skeletons to exhibit 
it, which he calls ‘over 30 °/,.”. We presume that whether it occurs on one or both 
femora he reckons it a single occurrence. While he found the third trochanter 
on both sides in a male Turk and a very muscular Piedmontese, he also found it 
on both sides in the skeleton of an Italian girl aged 18, and on both sides in a 
non-muscular woman aged 30 from Elsass. It will be seen that Waldeyer like 
many of those who have followed him dealt with very small numbers, but he 
drew the general attention of anthropologists to the subject. 

(ii) The Fossa Hypotrochanterica. (See Plate XXXVI.) Three years after 
Waldeyer, Houzé’ published an important contribution to the subject. Besides a 
reinvestigation of the third trochanter bearing species, to which he added the Dinornis 
elephantopus (Owen), Artiodactyles, as already stated, and the Crocodilidae, Houzé 
endeavoured more exactly to define the phenomenon under consideration, and he 
observed that occasionally running along the line of the gluteal ridge is a trough or 
depression which frequently concludes towards the basis of the great trochanter in 
the nipple or crest form of the third trochanter. The borders of this trough serve for 
insertion of the gluteus maximus just like the gluteal ridge itself. Further the bottom 
of the “trough” is occasionally rugose showing that it also serves for the attach- 
ment of the muscle in these cases. To this depression or trough, which can occur, 


1 Introduction to the Osteology of the Mammalia, 1st Edn. 1870, 2nd Edn. 1876. 

2 Ibid, 3rd Edn. 1885, p. 333. 2 Biblwole 

4 In the Amblypodes its presence or absence has been used to characterise the difference between the 
Pantodontidae and the Dinocerata. See Pouchet et Beauregard, Bibl. 47, p. 181. 

be Biblwou 
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however, without a sensible third trochanter, Houzé gave the name fossa hypo- 
trochanterica and since his day these two anomalies have been considered in con- 
junction. Indeed we ought to say three anomalies, for the trochanteric crest or 
ridge can exist independently of, or together with the third trochanter, and we 
may have in the same individual a fossa hypotrochanterica surmounted by a 
crista trochanterica’ which concludes with a well-marked trochanter tertius. Further 
these anomalies of the human femora find their parallels in the lower animals. 
Thus in certain femora we have been able to examine we have found the third 
trochanter alone, well marked in the tapir, rhinoceros and hare, less marked in Hyrax, 
and flattened in Dasyprocta and Macropus; there was a crista trochanterica rather 
than a trochanter tertwws in the femora of gibbons, beavers and most Carnivora 
while femora of Orycteropus and Chrysochloridae had both crista trochanterica 
and trochanter tertius. Dasypus, which is nearly always cited as an example of 
trochanter tertius, showed also a well-marked fossa hypotrochanterica. Costa found 
a trochanter tertiws in a specimen of Hylobates agilis and also in a chimpanzee ; 
in an orang utan he found both fossa and crista hypotrochanterica, while in the 
femur of a gorilla he found only the fossa’. It is clear that these three anomalies 
as appearing in man can only be studied in conjunction with comparative material. 
Further we must insist on the point that there exists a wide range of variation ; 
the crest when it exists alone may pass insensibly into the “nipple” type of third 
trochanter, and it is almost impossible to assert where either begin or end. What 
is a normal gluteal ridge, or when is its termination to be regarded as the first 
sion of a third trochanter? In the same way the fossa hypotrochanterica may be 
well marked or so faint that it can hardly be seen and only be felt with the 
finger. There is no common standard of what is to be treated as an incipient 
anomaly in any one of these cases, and it is to the personal equation thus involved 
that we should attribute the widely different percentages reached by various 
observers. We hesitate to believe them due to marked racial differences in the 
bones examined. Of course this criticism would apply in a less degree to different 
races treated by the same observer, if studved in adequate numbers’, but even then 
racial differences in form and location, together with weathering of the material, 
may lead to diversity in appreciating incipient anomalies. 


1 This trochanteric crest must not be confused with the crista intertrochanterica or posterior inter- 
trochanteric line. The former is called “crista” by the Italians and a “ Leiste” by the Germans. 

> We have not found this fossa in the gorilla femora examined by us, but we have noticed indications 
of it in the gibbon, the orang and the chimpanzee. In the latter two cases the conditions are somewhat 
modified by the presence of a ridge between the fossa hypotrochanterica and the helical fossa angulolateralis. 

* None of these writers accompany their results by any appreciation of the probable error of their 
percentages! Thus Waldeyer found the trochanter tertius in 7 out of 22 skeletons, and his 30 °/, 
has been cited as a number which conveys some impression of the frequency of the phenomenon. But 
actually on the basis of his numbers all we could safely say would be that any percentage between 10 
and 50 would not be improbable! Again Houzé only felt able to give the actual sex in the case of 
20 femora, 10 modern males and 10 modern females. Of these 20 bones one male and three female had 
the third trochanter. These are the only sexed material with which he deals. Now if the trochanter 
tertius were equally probable in male and female, we should from the above results expect ¢wo cases in 
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Houzé’s statistics are more ample than Waldeyer’s, but there is often a 
cloaking of paucity of numbers under percentages. Consider such a passage as 
the following: out of 16 negro femora 12 */, bad the third trochanter, 6°/, the 
fossa hypotrochanterica and 6 °/, the two combined. This seems only to amount 
to saying that out of sixteen femora two had the third trochanter only, one the 
fossa, and one other combined the fossa with a third trochanter! Houzé is strongly 
of the opinion that primitive man had more frequently than modern man a fossa 
hypotrochanterica on his femur, and as evidence he cites that “all” the femora of 
the age of the reindeer in Belgium, 60°/, of the femora of Grenelle, associated with 
the former by Quatrefages, two Cro-magnon femora and a femur of the Madeleine 
(age of the reindeer) in the Museum at Paris have the fossa. He does not tell us how 
many of the Cro-magnon femora were without it, but concludes that in 44 femora 
from the quaternary epoch the fossa was “very frequent.” We do not know 
whether this number includes all available femora of the period, or is largely built 
up of the isolated femora he had observed it in, nor finally in how many of the 
44 bones it really occurred. 

Houzé had at his command one longer series, 110 femora from the polished 
stone age, and we may hope for more reliable results here. We are told that 
38 °/, (presumably 42) had the trochanter tertius, 20°/, (presumably 22) had the 
fossa, and 24 °/, (presumably 26) had the two combined, which is clearly impossible, 
unless we suppose the previous percentages to refer to those which have the fossa 
and the third trochanter alone’. Of 67 modern Brussels femora Houzé further 
tells us that 30°15 °/, (presumably 20) had the third trochanter, 10°5°/, (pre- 
sumably 7) had the fossa, and 5°/, combined the two. The latter percentage 
seems inconsistent with either three or four cases exhibiting the combination. 
Assuming Houzé to have really had three such femora, we have the following 
two tables : 


Polished Stone Age Modern Belgians 
| | 
= Third trochanter Third trochanter 
= 
= Present Absent Totals Present Absent Totals 
S 
5 / 
= Present 26 22 48 3 7 10 
a, 
m | Absent) 42 20 62 20 37 BT 
cs 
Z 
F | Totals 68 42 110 23 44 67 


a sample of 10 bones, and the proper answer would be 2 + °85 showing that either 1 or 3 occurring in 
a sample of 10 would mean nothing at all. Yet Albrecht in 1834 in presenting evidence for the nearer 
approach of the female sex in man to the lower animals stated (Bibl. 34, 8. 100 and 123) that they have 
more frequently a trochanter tertius and cited Houzé as his authority ! 

* The wording is obscure, but having regard to the preceding paragraph and the figures, we take 
Houzé to mean 62 */, of third trochanter in all and 44 */, of fossa, 
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Now remembering what we have noted of the continuous variation in intensity 
of both the trochanter tertius and the fossa hypotrochanterica we may treat these 
tables as representing continuous variates divided in tetrachoric form by the personal 
equation of Houzé. There result the correlations 


— 21+ °10 for the polished stone age femora, 
— ‘02+ °17 for the modern Belgian femora. 


Or, we conclude that there is no marked association between these anomalies ; 
indeed the presence of one seems to connote the absence of the other, rather than 
vice versd. Summing up Houzé’s statistical evidence we have the following results : 


Races Number | Third trochanter | Fossa hypotrochanterica 
Quaternary Epoch ............ 44. | a “very frequent” 
Polished Stone Age ......... 110. 62 °/, 44°]. 
Merovingians (fas peun eer 30 40 °/, Zo ae 
Inhabitants of Canaries...... 16 (!) 56 */, 197), 
Negroes Gaictetpe.c.eattecst 16(!) 18 °/, 1 2y. 
Modern Belgians............55. 67 34 °/, Loe 


Considering the smallness of the series’ we are not able to accept as beyond 
question the view that primitive man more frequently exhibited these anomalies 
of the femur than modern man. Houzé divides the races of man into “mega- 
pygous” and ‘‘micropygous” (negroes), terming the anthropoids “ platypygous” ; 
but it is not clear that development of the buttocks—a well-developed “ region 
fessitre””—signifies that the great gluteal muscle (or “ grand fessier”) is also well 
developed. Houzé concludes that the third trochanter and the fossa hypotro- 
chanterica result from the immense development of the gluteus maximus in man, 
the most voluminous of all the human muscles, and characteristic of his upright 
gait; the third trochanter and the edges of the fossa serve for the insertion of 
this muscle. This view of Houzé met with wide acceptance, and one frequently 
finds statements that these anomalies appear (a) in the primitive muscular races 
of man, and (b) in the muscular individuals of modern races. It is hard to under- 
stand how if they were due to the development of the gluteus maximus in man, 
they should remain anomalous in his case, and the rule in numerous lower types’, 


* There are grave doubts also as to what the numbers actually mean. For Merovingians and Canary 
Islanders Houzé gives no percentage figure for the combination, and we do not feel absolutely certain 
that his numbers for third trochanter and fossa are exclusive of combined appearance. 

* The third trochanter is extremely well marked in the armadillo, but in the specimen we were able 
to dissect owing to the kindness of Professors Arthur Keith and Wood Jones, the gluteus maximus, 


although of extensive origin, was a rather thin sheet of muscle and not relative to other muscles of the 
same creature a very powerful muscle. 
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while their frequent appearance in infants, in women, and in bones of small 
muscular development at least precludes the theory that their appearance is solely 
due to use development. (See our Plates XXIX and XXXVI.) 

In the same year (1883) as Houzé’s memoir appeared a paper’ by Dollo of 
Brussels was published which deals with the “third” trochanter in the Dinosauria (of 
which he takes as special illustration the Iguanodon) and in birds. This trochanter 
is on the upper part of the lower half of the diaphysis on the inner side and serves 
for the attachment of the caudo-femoral muscle. Dollo holds that it should be 
called the fourth and not the third trochanter, with which it has no relation. 
As far as we know no survival of this fourth trochanter has been recorded in 
the human femur unless the processes noted by Wilbrand’ and Barkow® in the 
distal half of the femoral diaphysis are to be thus interpreted. (See our 
Plates XXIV, XXV, XXVII and XLI.) 

Houzé’s paper not only excited interest among the Belgians themselves, but 
through Albrecht led to a discussion on the subject at the Breslau Gathering 
of the German Anthropological Society, in which Von Torék and Virchow took 
part. Von Toérék had denied the greater frequency of the third trochanter in 
women and Virchow* had drawn attention to the very different percentages 
obtained by different investigators. He himself had received a great mass of 
femora from a cave in the Canaries, not one of which had a trochanter tertius’, 
while in a few ancient femora from Troas he found it in a hitherto unrecordedly 
high proportion (not stated). Instead of attributing a good deal of this divergence 
to the smallness of the samples and the great influence of personal equation, 
Virchow considered that there were probably great local differences, and attributed 
these to the customs and “ Akkommodationsweisen” of individual peoples. Thus 
he seemed to assert the view—not unnatural to the pathologist—that use can 
produce very marked changes in a bone, 1.e. he terms acquired characters in one 
species what are specific characters in a second. 

Von Torék published his observations at length in 1886°. He examined 54 
skeletons, of which 38 were definitely known to be male and 16 female. Von Térék 
classifies into “‘customary” ridge or crista, third trochanter and fossa hypotrochanterica. 
We think this is undesirable, as it does not distinguish between the ordinary gluteal 
ridge consisting of a succession of rugosities and the relatively smooth apophysis, 
which is an elongated trochanter tertius, and is indicated by the term crista 
trochanterica, or better hypotrochanterica. It has been noted by Dwight and 

1 Bibl. 30. 

* J. F. Wilbrand : Ueber einen Processus supracondyloideus Humeri et Femoris. Giessen, 1843. 

° H. C. L. Barkow: Anatomische Abhandlungen, 8, 8—9. Breslau, 1851. Barkow describes 
Wilbrand’s case and three similar ones as Processus supracondyloideus externus, they all were on the linea 


aspera 4 to 7 inches from under end of the external condyle and are said to correspond to third trochanter 
in the armadillo: see our discussion below, p. 83 et seq. * Bibl, 33. 


* Houzé had found for inhabitants of the Canaries 56 °/, and later Costa found the third tro- 


chanter on both of two Guanche femora, but we do not know whether Houzé’s or Virchow’s 
Canary femora were Guanche. * Bibl, 41, 
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Costa and appears to us something quite distinct from the customary gluteal ridge. 
Von Toérdk found : 


3 4 
Customary Ridge............ 25 19 
Third ‘Trochamtergysa-cnesee 4 5 
Fossa Hypotrochanterica ... 14 1 
Trochanter + Fossa ......... 14 il 
Trochanter + Ridge ......... 10 5 
Ridge +: Fossa) sre... 4.-se08+6 9 1 

76 32 


Percentage of Third Trochanter a itatt 34 °/. 
Percentage of Fossa 49 °/. se 


Thus these anomalies do not appear more frequently in the female sex. Von 
Toérék says nothing about the intensity of the characters, and we do not know at 
what degree of elongation he would consider the trochanter to pass into the “ ridge,” 
or whether he would classify the crista hypotrochanterica as a third trochanter. 

Von Torok does not state the period of his femora, but since they were 
sexed there is little doubt that they were modern bones. This is of some 
importance, for immediately after Waldeyer’s paper, C. M. Fiirst, the Swedish 
anthropologist, had examined’ 40 skeletons in Stockholm and 43 in Upsala. Of 
these 31 femora belonged to the stone age and there were ten of these with 
third trochanter, or 32°/,. Of 39 femora from Middle Ages onwards 12 or 31°/, 
showed the same feature. Thus Von Térék’s numbers confirm Fiirst’s—about 
one-third of the femora, whether modern or ancient, showed the third trochanter. 
Of 83 skeletons 27 or 33°/, had the third trochanter on one or both members ; 
of 238 femora it occurred in 69, or 29°/,. Allowing for personal equation the 
agreement of Fiirst and Von Térdk is really very close, and more than sufficient 
to throw doubt on Houzé’s view that the presence of the third trochanter is 
especially marked in primitive man. Further, Fiirst found the process in two 
women on both sides, in a boy of 14 years, and in a male of 22 years on both 
sides at Stockholm, and of the three especially developed cases at Upsala, one was 
a boy of 13 years and the second a woman. Von Toérdk had also found practically 
as large a percentage occurrence in women as in men. Thus it seems impossible to 
assert that muscular development itself can be the origin of the third trochanter, 
or that it can have anything to do with use, as Virchow appears to suggest. 

Three other papers having some numerical data may be considered here. 
Pietro Costa published a lengthy paper in 18907. While Houzé found the fossa 
hypotrochantervea in 15°/, of modern Europeans and much more frequently in 
early man, Costa found it in nearly double this number, 29°4 °/,, which is either 


‘ Bibl. 28. Fiirst only classifies by presence or absence, but as he states that the most marked 
trochanter tertius he observed was 12 mm. high, 40 long and 1°5 broad, it is clear that what we 
should call a crest, he includes in his third trochanter group. 

2 Bibl. 51. 
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a sign of a great difference of personal equation or else of extreme local variation’. 
Costa found in 37 Fuegian femora the fossa present in every case and in 94°6°/, 
(35 instances) the third trochanter, which is evidence at least of the presence 
of these anomalies in a primitive race. In a group of 44 femora of primitive 
races’ the third trochanter occurred in 47°7°/,, while among modern Europeans 
(102 femora) it only occurred in 30°4°/,. Costa’s numbers are small—except in 
the case of Europeans—but as far as they go are in favour of Houzé’s conclusion. 
Costa lays stress on considering the difference between what we classify as “nipple” 
and “crest” forms of the third trochanter* (both of which are distinct from the 
“ala” form as found in the rhinoceros, ass and armadillo, but no approach to the 
“ala” form has ever been noticed by us in human femora). He considers 
the three anomalies trochanter tertius, hypotrochanteric fossa and crista as signi 
regresswvi', atavistic manifestations and independent of the development, greater or 
less, of the gluteal muscle, which uses them for its insertion’. Evidence in 
favour of this view is drawn from its nearly constant appearance with the Fuegians, 
who are not a muscular race. Costa draws attention to Houzé’s classification of 
“megapygous” and ‘“micropygous,” but development of the rump may be due to 
other causes than muscle, and the trochanter tertius appears to be rare in the 
negro; but are all negroid races micropygous, as Houzé assumes? Costa notes 
that the third trochanter appears constantly in the Lemuri; in the specimen 
examined by him he found it in association with the hypotrochanteric fossa and 
a small crest. He further found a third trochanter in Hylobatis agilis, and in 
a chimpanzee. In an orang utan he observed the hypotrochanteric fossa and a 
crest, but in a gorilla he found only the fossa. If we disassociate. the volume of 
the gluteus maximus from the problem of the origin of its insertion in the third 
trochanter, we free ourselves from many difficulties. Why, if the gluteus maximus 
is the chief characteristic muscle of man and associated with his vertical position, 
is the third trochanter only occasional in man, but universal in the rabbit? It is 
clearly very persistent in certain quadrupeds, but apparently is disappearing in the 
primates. 

The view that it is very prevalent in primitive man does not seem 
really well established, but if established would only tell against direct descent 
from the anthropoid apes and not against a common ancestry. Costa has to 


We must note that Von Térék had found the fossa in 40 out of 108 or 37 °/, of modern bones. 
Africans, Australians, Guanches, etc. 

The crest (crista or Leiste) is the customary form in the Carnivora, e.g. Vulpes vulgaris. 

Bibl. 51, p. 294. 

We would note, however, that it is not a valid argument to cite cases of the third trochanter 
appearing in the femora of infants and even of fetuses as proving that it is independent of muscular _ 
development, for it may be an antecedent sign of coming muscular development. Of course its ap- 
pearance in infants and fetuses is an argument against its production by muscular development, which 
some anatomists assert. We ourselves have found a third trochanter well marked in very slightly built 
female femora and in some adult femora of very poor muscular development, or of feeble and diseased 
character: see our Plates XXIX and XXXVI. 


1 
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admit that the European races of man, the apparently highest races, have a large 
percentage of both trochanter tertius and fossa hypotrochanterica apparently more 
than the negroes, but he accounts for this on the ground that the development 
of the European races has ceased to be physical and has become psychical, and cites 
Dollo, Wallace and Lubbock to this effect. This view seems scarcely reconcileable 
with his further statement that the lowest races of man, Fuegians and Guanches 
(as nearest to the Cro-magnon type), with the largest percentages of third 
trochanter and fossa are—like Europeans who exhibit them—reversions to lower 
animals which invariably have them. To support this argument Costa turns to 
criminals, who, he says, resemble in somatic and psychical characters an inferior 
race, and he cites’ an investigation made on 1386 femora of criminals in the 
Institute of Human Anatomy at Parma. He states that there is an exaggerated 
frequency but gives no percentages. We have examined his descriptions of the 
femora of these criminals and it would appear that 26 (or 28) out of 136 bones 
exhibited the third trochanter, that is 19°1°/, (or perhaps 20°6°/,). Now Costa 
had already given for 102 modern Europeans 30 cases, or 30°4°/,; Houzé found 
34 °/, among modern Belgians, Fiirst about 33 °/,, Von Torok about 37 °/, and we 
ourselves in 810 English femora found 425 or 52°5°/, with some appearance of 
a trochanter tertius or crista hypotrochanterica ! 

Such is the influence which Lombroso’s theory—that criminals exhibit degenera- 
tive stigmata—can have in warping the judgment when no appeal has been made to 
actual numbers: “‘ Questi i resultati che c’ indicano come assuma il terzo trocantere 
nei criminali talora proporzioni esagerati: e questo fatto mi sembra sia sempre pit 
in appoggio sul considerare il terzo trocantere e naturalmente con lui fossa e la 
cresta che spesso vi s’ associano, come segni di regresso, di inferiorita, come segni 
di atavismo.” . 

We agree entirely with Costa that the third trochanter in man is not the 
product of muscular development, although it serves as one of the methods of 
insertion of the gluteus maximus, and we also look upon it as evidence of 
evolutionary history, but we cannot accept the view that it is a sign of some 
vague “inferiority ”—not adequately defined as either physical or psychical—and 
illustrated by its presence in the criminal population to an exaggerated degree. 

Fifteen years later (1905) another Italian scientist returned to the subject of 
the third trochanter’, We have not been able to discover the original paper 
of Zuccarelli, if indeed it was ever published, but we have seen abstracts of it. 
He divides the third trochanter into fourteen types by somewhat fanciful analogies 
to mountains, mountain ranges, half-chestnuts, kidney-beans, caterpillars, etc. He 
examined 123 femora and found the trochanter tertius in 23°6°/,. He says that 
in the mountain, chestnut and caterpillar forms it varies in length from 20°3 to 
35°2mm., in breadth from 8°3 to 19°0mm. and in height from 4:0 to 12°0 mm. 
But this leads us to the important point we have to make, namely, that the 


1 Bibl. 51, pp. 298—9. 2 Bib]. 94. 
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minimum limits are perfectly arbitrary and solely the result of personal equation. 
If 800 or 900 femora are examined together a perfect series of diminishing 
trochanter tertius will be found, and although it is possible to say of some bones 
they have, and of others they have not, a third trochanter, it is almost impossible to 
say here the third trochanter ends and there it begins. It is purely a matter 
of personal equation, and for this very reason we doubt the possibility of comparing 
percentages given by different observers. Here there is a third trochanter and 
there there is no third trochanter, an observer will say of two femora; but now fill 
up the gap between the two bones continuously with a graduated series of 50 or 
60 bones, and then the limit to the trochanter tertius series will either be admitted 
to have vanished, or be assumed in a perfectly arbitrary manner, which is in- 
capable of any definition, beyond vague impression or opinion. We should have no 
objection to Zuccarelli’s minimum dimensions, if they had been taken by everybody 
as standard values. But that third trochanters 15mm. long, 7 mm. broad and 
3 mm. high exist, we confidently assert; and we see no reason but arbitrary 
convenience for stopping at these or any other limits when there is a process in 
the proper position clearly differentiated from the mere termination of the gluteal 
ridge. 

Zuccarelli, after making statements in agreement with Houzé and Costa about 
the greater prevalency of the third trochanter in ancient femora!, then asserts 
that the presence of the third trochanter has no relation to the greater develop- 
ment and robustness of the individual femur (“La presenza del tr.* non @ nient’ 
affato in rapporto con un pitt vantaggioso grado di sviluppo e robustezza femorale ”), 
an opinion with which we should agree. | 

Some of his other conclusions—probably drawn from very inadequate numbers— 
are exceedingly doubtful, e.g. : 


(a) The third trochanter is most frequently and ordinarily unilateral. 
(b) It is more prevalent in the right femur. 


(c) Its prevalency is well marked among those who may from well-founded 
records be supposed to be degenerates. 


(d) There is a high percentage among rogues. 


(ec) The third trochanter in its three most characteristic types (‘‘monte, 
mezza-castagna, bruco”) is associated with the pilastric femur. 


We shall consider these statements from the data provided by other observers 
as well as our own. 

In 810 London femora where we could consider the trochanter tertiws and 
the fossa hypotrochanterica we have : 


1 He says that in ancient femora before and since the Christian epoch it varies from 11:1 °/, 
to 26:3°/, while in modern femora it is about 5°6°/,. As the chief modern series show at least 
20 °/, to 30°/, in the case of other observers, these mere percentages of Zuccarelli fail to convince, 
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Anomaly > Trochanter Tertius Fossa Hypotrochanterica 


3 * 3 ? 


Side> | BR. | L. | R.4L.) KR. | L. | R+L.| BR. | LL. | RL.) BR. | OL. | R.+L. 


Total Femora ......... 225 | 236) 461 |170)179| 349 | 225/236|) 461 |170/179} 349 


Femora with anomaly | 103|122| 225 | 87/113; 200 | 84/100; 184 | 38); 53) 91 


Percentageigeee sass: 45-8/51°6| 48-8 |51-2|63-1| 57-3 |37:3|/42-4| 39-9 |22-4|29-6| 26-2 


Thus we found that in the case of both male and female for both trochanter 
tertius and fossa hypotrochanterica, the left bone presents the anomaly more 
frequently than the right. This is directly opposed to Zuccarelli’s conclusion (0) 
above. Further we find the trochanter tertius somewhat more prevalent in female 
(the less muscular) than in the male (the more muscular) femorat, while the fossa 
hypotrochanterica is markedly less prevalent in the female than in the male 
bones’. 

It will be seen that our values approach in magnitude those which Houzé 
has given for early and primitive races. While we lay no stress on this, as there 
is no measure of our relative personal equations, we still believe it discounts much 
of the emphasis which has been laid on the greater prevalence of the third 
trochanter in early and primitive races. 

Evangeli-Tramond* examined 60 ¢ and 60 2 femora and obtained the results : 


Anomaly > Trochanter Tertius Fossa Hypotrochanterica 
3 ? 3 ? 
Total Femora ............ 60 60 60 60 
Femora with anomaly... 9 15 29 22 
Percentage |jsc.s5.eecaveese 15:0 °/, 25:0 °/, 48°3 °/, 36°7 °/, 


' This appears to be in accordance with Ludewig’s result, who seems to have found the third 
trochanter in 36 out of 100 femora, and 28 of these were female. Unfortunately he does not say how 
many of the 100 were female! See Bibl. 56, p. 16. 

* If the third trochanter and /ossa are signs of inferiority or of “animalism” according to Albrecht, 
then to determine whether man or woman is more “animal,” we should have to ask whether the trochanter 
or the fossa is to be considered lower in origin. 


5 Bibl. 65. 
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These percentages differ widely from ours, but they confirm the view that 
the third trochanter is more prevalent in female, the fossa in male bones}. 

From the time of Houzé onwards many anthropologists and anatomists have 
supposed a marked association to exist between the presence of the third trochanter 
and that of the fossa hypotrochanterica. We have aleady noted that this asso- 
ciation is not manifest in Houzé’s own material (see our p. 68). For our English 
data we determine the fourfold table: 


Third Trochanter 


s Present Absent Totals 
g 

8 

‘| Present 155 120 275 
° 

mH 

8 | Absent 270 265 535 
ay 

fo . 

g Totals 425 385 810 
a 


Using the tetrachoric process to determine the correlation we have 
r= +°'09+°'04; 
it is clear therefore that in English femora as in those of the polished stone age, 
and in modern Belgian femora, there is no significant association between the 
presence of these anomalies. We further considered this point in fairly long series 
of Naqada Egyptian femora. The data give 


Male (R. +L.) Female (R.+L.) 
. Third Trochanter Third Trochanter 
Hypotrochanteric 
Fossa = 
Present Absent Totals Present Absent Totals 
Presentia. access 37 75 112 40 61 101 
Absent iiesaeaese 120 156 276 140 181 321 
Lotalstc.atecases: 157 231 388 180 242 422 
L Ms 
Correlation ...... r=— 16+:06 r=—:06 + :06 


Both of these are negative, but neither is very definitely significant and both 
confirm the result obtained from the English femora, that there is no marked relation 
between the presence of the hypotrochanteric fossa and that of the third trochanter. 


* Costa merely gives 38 sexed skeletons, of which only 8 were female, thus the percentages obtained 


from his data, when divided up into R. and L., ? and ¢ categories, show no significant differences. 
Bibl. 51. 
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We consider that the large number of bones here dealt with is sufficient to 
settle finally the point, but it is only fair to the reader to indicate that much 
smaller series for special’ races do not always agree with the results of Houzé’s 
data and our two lengthy series. 

Thus we are able to present the following tables : 


Third Trochanter 


Guanches Negroes Modern Italians Modern French 

(Bertaux) 1? (Bertaux) ? (Costa) ? (Evangeli-Tramond) * 
Oe Present | Absent | Totals | Present | Absent | Totals | Present | Absent | Totals | Present) Absent | Totals 
"S | Present... | 15 lies 3 1 2 B24) O7 Ta OF 6 order A tea? 
8 Absent ... 20 12 32 4 27 31 7 23 30 13 55 68 
ma . 
x Waeta 2 
Totals 35 13 48 5 29 34 34 42 76 24 96 120 
—& 

ae eee 
Correlation +62 +12 + 35 + °29 + 54+ °10 +:'10+:11 


a A eee 


It will be observed that these four series are very short, but still two of 
them show no association having regard to their probable errors. But in the case 
of the Guanches and modern Italians, notwithstanding the shortness of the series, 
the association is sensible. We cannot account for this except on the ground 
we have already referred to, ze. the great difficulty in settling where a third 
trochanter starts and when a slight depression is to be considered a fossa. Once 
this is realised it is not difficult for an observer who notices one anomaly to look 
in that case more closely for the signs of a second, especially if he is aware that 
association between the two has already been asserted to exist. It is, perhaps, 
only possible for the statistician inherently doubtful of every statement not based 
on figures to give an independent judgment *. 

We can, on our data, give no evidence for or against Zuccarelli’s statement 
that the degenerate and the criminal (conclusions (c) and (d)) exhibit a marked 
prevalence of the third trochanter; we have, however, already shown in the case 
of Costa’s data for criminals that the statement is incorrect, at least for his 
records: see our p. 72. 

Very brief examination of already published material suffices to refute Zucca- 
relli's statement (a), that the third trochanter is most frequently and ordinarily 
unilateral. ; 


* Bibl, 32, pp. 199—204, 207—8, * Bibl. 51. ® Bibl. 65, p. 90 et seq. 

* Having read the anatomical opinion on the subject I found myself most carefully searching for 
a fossa, wherever 1 noted a third trochanter. Only after my colleague had recorded the presence or 
absence of these anomalies did I inform her that according to current opinion a high association was to 
be anticipated. But it failed to appear in our table! x. P. 
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We have the following tables: 
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Trochanter Tertius in Paired Bones. 


First Femur 


77 


Costa’s Data! Dwight’s Data? First’s Data? 
Present Absent Totals Present Absent Totals Present Absent Totals 
I 
5 Present ... 26 9 35 62 7 69 36 45 
ios 
+ Absent ... 9 32 4] 7 96 103 9 112 121 
3 
Totals 35 4] 76 69 103 172 45 12 166 
Correlation +°73 4:07 +°96+°01 +92 + 03 


It will be seen that there is very high association indeed between the presence 
of a third trochanter (or its absence) on both of any pair of femora, and Zuccarelli’s 
statement is inexplicable. 

Similar conditions prevail with regard to the fossa hypotrochanterica and 
Poirier’s facet of the neck‘, as the following tables indicate: 


Fossa Hypotrochanterica and Povrier’s Facet in Paired Bones. 


Costa's Data? Poirier’s Facet, 
Fossa Hypotrochanterica Bertaux’s Data, First Femur® 
Present Absent Totals Present Absent Totals 
Hi 
3 
é Preseniccce seen aa: 40 6 46 12 1 13 
3 WA ape TARE os os 6 24 30 1 8 9 
‘3 
i Ls 2oee 
e 
Totals urnectesrnece 46 30 76 13 9 22 
ee fe 
Correlation ...... + ‘87 +:°05 +°95 + 04 


As our London material consisted entirely of unpaired bones the Naqada 


Egyptian 


1 Bibl. 

2 Bibl. 
recorded. 

3 Bibl. 

5 Bibl. 


51, 
50, 


28, 
51, 


p. 284. 
p. 62. 


Sio2il: 
p. 312 et 


seq 


* An anomaly to be discussed below. 


material at Cambridge, which is given by skeletons, was examined by the 


This table is the best we can make of Dwight’s data which are not clearly 


Left Femur 
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kind permission of Prof. Alexander Macalister. 
abnormalities in 250 to 300 paired bones. 
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some of the abnormalities will only be discussed later in this chapter. 


Bilateral or Unilateral Abnormalities in Naqada Bones. 


We were able to deal with paired 
The results are given here although 


Third Trochanter Hypotrochanteric Fossa | Crural Fossa 
Right Femur Right Femur Right Femur 
Present| Absent | Totals Present | Absent | Totals Present | Absent | Totals 
f 5 5 
Present ...| 89 38 127 a Present ...| 49 AT 96 q Present ...| 32 15 47 
Fy Fy 
Absent ... 36 122 158 £ Absent ... 17 191 208 2 Absent ... 28 223 251 
4 yaaa 4 
Totals 125 160 285 Totals 66 238 304 Totals 60 238 298 
Correlation r=+ 680 + 041 Correlation} 27=+°729 + :042 Correlation| r=+:°778+:044 
Poirier’s Facet Tubercle, Internal Head of Gastrocnemius 
Right Femur Right Femur 
Present Absent Totals Present Absent Totals 
: : 
8 Present ...... 183 25 208 eS Present ...... 157 20 177 
aa ey 
2 Absent. .... 26 31 57 2 Absent .:.... 32 45 77 
4 4 
‘Totalsmereres 209 56 265 Totalsimaeeeee 189 65 254 
Correlation r= + 663 +:055 Correlation r=+°728 + 044 
Notwith- 


The above results are for paired bones without regard to sex. 


standing that the pairing is not wholly beyond question? the correlations are 
markedly high, and we conclude that so far from anomalies being unilateral they 
occur most generally in both of a pair. ; 
We do not hesitate to assert that all the anomalies which we personally 
have dealt with occur in the majority of instances bilaterally. 
Lastly we turn to Zuccarelli’s statement that the third trochanter is associated 


1 The bones were not seen in pairs, but both femora of a pair carry the same number, which is the 
grave number ; now in rare cases experience has shown that through accident or double interment the 
femora do not pair; further since 1896 certain of the femora appear to have been renumbered and may 
bear two numbers ; thus the above values are really minimum values of the correlation coefficients. 


with a pilastric femur. 


t 
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This @ priort seems improbable if, as we hold, the third 
rochanter is a reversion and the pilastric femur is something peculiar to man. 
The following table gives the distribution of the pilastric index for combined 


male and female femora with and without the third trochanter : 


Pilastric Index ($, 2, R. and L.). 
Trochanter |65-|69-|73-|77-| 81- | 85- | 89- | 93- | 97- 101~| 105- | 109- | 118-]117- | 121-| 125] 129-| 133-| 187-| 141— | 145 |, 
Tertius |68|72|76|80| 84 | 88 | 92 | 96 | 100/104] 108 | 112 | 116 | 120 | 124 | 128 | 132 | 136 | 140 | 144 | 14g | Pots 
Present ...| 1 |<) 3 | 2| 9°5/18°5| 34 | 50 | 60| 72| 57 | 56-5 \265|145/ 6 (45) 1 |—|]—]—I]1 | 417 
Absent ...| 1 | —|—|2| 4 | 8 | 19 | 36 | 57| 60| 605 | 45 |45-5}21 6 | 4 I ee SL 
Total 0) 3 | 4 |13-5)26°5) 53 | 86 | 117/132)117-5 |101°5 |72 |35°5) 12 | 85) 2 1 |—|—| 1 | 788 
Population 
The mean pilastric index for the whole population = 103°20, for the bones 

with third trochanter = 102°09, and for those without 104°45. Thus those with 

a third trochanter are the less pilastric bones. The biserial correlation between 

emphasised third trochanter and emphasised pilastric mdex is — ‘151 + ‘030. 

There is thus, as seemed probable @ priori, a small but sensible correlation 

between pilastry and the absence of the third trochanter. 

A somewhat similar statement connecting the hypotrochanteric fossa with 
platymery has been made; it is not, however, accepted by Evangeli-Tramond!. The 

table below gives the platymeric indices for combined male and female femora with 

Platymeric Index. 

Bosse 64-|67-| 70- | 73- | 76- | 79- | 82-| 85— | 88- | 91- | 94~ )97-|100-| 103-| 106-| 109-| 112~| 115-/ |, 
Hypotrochanterica | 66 |69| 72 | 75 | 78 | 81 | 84 | 87 | 90 | 93 | 96 | 99} 102 | 105 | 108 | 121 | 114 | 117 | °™ 
Present. -eese-e —| 6/10°5|32:5/30°5| 43 |47°5) 39|27 |23 8 Gl) Boll 2 1 | — | — | 284 
Absent .........| 4. |15|30 [40 |73°5| 62°5 |82°5| 68)47:5/49:5|/285|)19| 20 | 7 | 8 | 4 2 | 5 | 566 
ovals wees 4 | 21 |40°5|72°5| 104 | 105°5 | 130 | 107 |74:5|72°5| 36-5) 26) 25 | 9 | 10] 5 | 2 | 5 | 850 


and without the fossa. Here the mean platymeric index for the whole population 
= 84:20 and for the bones with a hypotrochanteric fossa = 83°26, while for the 
femora without it is 84°67. The biserial correlation between presence of a fossa 
and emphasised platymery (low index) is +°096+°030. Thus there is a small 
but just sensible correlation between platymery and the presence of the fossa 
hypotrochanterica. This is in accordance with what we might @ prior: have 
anticipated, when we remember the occasional association of lateral protrusion and 
the foss«; see Plates XXXVI and XXXIX. These investigations may suffice to 
1 Bibl. 65, p. 57. 
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warn the reader against very general statements made on very inadequate data. 
We find it difficult to accept any one of Zuccarelli’s Se ses as applying to 
our material. 

(iii) Zhe Crural Trough. This is a dlgpreeeion which starts either at the 
base of the great trochanter or on the neck close to the great trochanter and 
runs vertically down the anterior face of the shaft. When slight it can often be 
easily felt with the finger, while hardly sensible to the eye. Our Plate XXXVII 
shows various grades of it in English femora. In the first the crural trough is broad 
and deep, but does not extend far down the shaft; in the second the trough is 
deep and long, extending quite to the middle of the shaft; in the third it is broad 
and not very deep; while in the fourth it has little more than the appearance oe 
a “thumb-mark” at the base of the great trochanter. 

The crural trough, while occurring only occasionally in the human femur, is 
almost characteristic although not always very deep in the Primates, It occurs 
in the gorilla, although usually more marked in male than female. In the 
chimpanzee it is usually less marked than in the gorilla, and the orang-outang has 
it in about the same degree as the chimpanzee. In the gibbon there is only 
a slight crural depression. These observations are based on specimens in the 
Musuem of the Royal College of Surgeons. Bello y Rodriguez’ notes that 
chimpanzee, gorilla and orang often have this crural depression. It seems, to 
judge from the drawings of the Trinil femur (Dubois, Bibl. 67, Plate II. fig. 1), 
well marked, broad and deep but not running very far down the shaft .in 
Pithecanthropus erectus. In Neolithic femora Rodriguez found it ten times in 
154 $ bones and only once in 89 2 bones. He found it twice in 92 Japanese femora, 
once in 94 Berbers and Guanches. In Peruvian femora (of which he shows a 
good photographic illustration of a well-marked crural trough : see also our Plate XLI, 
fig. (II) for a Patagonian) it occurred twice well marked, twice moderately marked 
and eleven times feebly in 72 femora. But in 72 French femora, 48 Negro femora 
and 54 Polynesian femora, it did not occur-once. In the ancient Gauls it occurred 
seven times in 50 femora. Thus it would appear to be more frequent in primitive 
and ancient races than among modern Europeans. As in the case of the fossa 
hypotrochanterrca, we find it difficult to assert where the crural trough begins. 
Subject to this we found it in 271 out of 881 English bones or 29°6 °/.. 

In the following table (I) denotes a well-marked case, (II) distinctly present in 
definite form, (III) some trace, slight trough or fossa, as the case may be. 

It will be seen that in its well-marked form the crural trough is slightly 
rarer than the fossa hypotrochanterica, but if we consider (I) and (II) the per- 
centages are 14:2°/. as against 12°6°/,, which are again reversed, if we take all 
traces (I)—(II1), the crural trough then appearing in 29°6 °/, of femora and the fossa 
hypotrochanterica in 33°5°/,. Actually these percentages should be read as: 


Crural Trough 2.936 "(tbl Dialog 
Hypotrochanteric Fossa 33°5°/,+1:1°/.. 


1 “ Gouttiére crurale” of the French writers. 2 Bibleatole 


Fossa Hypotrochanterica 


It is not 


than the hypotrochanteric fossa. 


the eye to the 
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(I) (II) (III) | Absent | Totals 0 
(I) 1 1 3 11 16 18 
(IT) 0 8 13 74 95 10°8 
(IIT) 2 29 26 127 184 20°9 
Absent t 17 94 408 586 66°5 
Totals 10 115 136 620 881 — 
ve Legh 13-1 15:4 70:4 — — 
therefore demonstrated that the crural trough is actually rarer 


same extent. 


At the same time it probably does not catch 


We inquired whether the presence of these two anomalies was in any way 
associated. The fourfold table gives: 


leading to 7, = 


Crural Trough 


aul 

Z Present Absent Totals 
ey 

a 

® | Present ... 83 212 295 
4 

=| Absent ...| 178 408 586 
i) 

& | Totals BE iris, ho /19620 881 
jan 

—°016 + °039. 


In 1198 Egyptian bones we found the following occurrences : 


Crural Trough in Naqada Femora. 


(I) (II) (III) A Total (1)—(II1) 
Derek Absolute 2 15 51 319 387 = 
elinite ¢ \Percentage| 0-51°/, | 3-88°/, | 13:18°/, | 82-43°/, tes 17-57 °/, 
: Absolute 7 15 59 335 416 
Bel bicn teenies 166i CLS -1.14-18° fl) SO-68e). = 19-47 °/. 
Doubtful { Absolute 4 5 59 327 395 a 
Sex Percentage| 1:01 °/, 1274), 14:94 °/, | 82°78 °/. ~—- 17-22 °/, 
Total {Absolute 13 35 160 981 1198 ma 
Percentage| 1:09°/, | 2:92°/, | 14:10°/, | 81:89 °/, aie L@:1 ey 
Kak 11 
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The probable error of the (I)—(III) percentages is about 1:3, so that the 
apparent sexual difference of ¢ and ?, 17°57 °/, and 19°47 °/, respectively, is not 
significant if measured from the percentage 18°11 °/, of the whole population’. 
Thus in these bones, supposed to date from over 5000 B.c., well-marked cases of 
the crural trough only occur in about 4°0°/, of instances, and the total of cases 
is only 18°1°/, as against 29°6°/, in our English femora. Accordingly we cannot 
confirm the view that it is less frequent in modern bones—it appears on the contrary 
to be a racial character’. 

We tested the sex-difference again on our English femora, including such 
non-adult bones as had been sexed and omitting some bones of indeterminate sex. 
The conclusions are given in the tables below. It will be seen that there is the 
same absence of association between crural trough and hypotrochanteric fossa when 
separate tables for the sexes are drawn up, but that the crural trough is now found 
to be sensibly more frequent in the female (35:97 */,) than the male femora (24°95 °/.). 


English Males (R. + L.) English Females (R. + L.) 
Crural Trough Crural Trough 
s Present Absent Totals Present Absent Totals 
oO 
49. 
= 
&@|Present...] 48 152 200 31 66 97 
= | Absent ... 78 227 3057 61 MAO 185 295 
8 
ey 
my «| Totals...) 126 379 505 || = 141 251 392 
Correlation : r= —'0381+°052 and r= —‘085+°059. 


This might suggest that relatively the gluteus maximus was more developed in 
man than woman and the vastus intermedius in woman than man. But the 
absence of any similar relation in the Naqada Egyptian bones is against laying 
much stress on this as a general conclusion. We have indicated this in the case 
of the crural trough; the data for the hypotrochanteric fossa are as follows: 


Hypotrochanteric Fossa in Nagada Femora. 


eee ar 
(1) (II) (III) A Total (1)—(11]) 
; Absolute . 13 36 63 276 388 | — 
DE Pactien S:BB Yon |) 9-28 F/R) 116-94 Fe Tse aed 28:eT | 
: Absolute 11 24 66 321 422 a 
Pentre Pace 2-61°/, | 5-69°/, | 15:64°/, | 76-07 °/. st 23-93 °/. 
Doubtful teencae 18 32 Oa 268 385 — 
Sex Percentage| 4°68 °/, 8°31 °/, 17:40°/, | 69-61 °/, — 30°39 °/, 
Total omens 42 92 196 865 1195 —_ 
Percentage} 3°51 °/, TTO po 16:40 °/, | 72°88 °/, =5 27-62 °/. 


* The sex difference for the most marked cases (I) and (II) is also not significant. 
* We should hesitate, however, to compare our percentages with Rodriguez’s because so much 
depends on personal equation, 
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It is clear that the best chance of obtaining a significant sex difference is to 
consider only the more marked cases of the fossa, z.e. (I) and (II). These give: 
Sas Pia 
Oe SUR eee OO0 -f 

leading up to a difference of 
433°), + 1°46 °/, 

or, say, 2°9 times its probable error. That is to say, we are just verging on real 
significance, but cannot do more than assert that the fossa is probably more 
marked in the Naqada male than the Naqada female. 

We have further tested in the Naqada material the possibility of the crural 
trough being associated in the evolutionary development of the femur with the 
presence of the third trochanter. We have the following tables : 


Male (R.+L.) Female (R.+L.) 

Third Trochanter Third Trochanter 

Crural Trough 
Present Absent Totals Present Absent Totals 

Present ...... 28 40 68 45 36 81 
Absent ...... 129 190 319 132 203 Bys13) 
AMEN Mea neboan 157 230 387 177: 239 416 
Correlation... r=+-011 +:064 r=+ 2380 +:058 


The result is here somewhat inconclusive; there is no significant relation in 
the male, but there appears to exist a small but definite relation in the female. 
It is so small, however, that but little argument can be based upon it; we 
cannot say that in the female femur when the trough is present we shall as 
a rule find the third trochanter. 

There is thus certainly no marked association. 

We look upon the crural trough as being like the third trochanter and the 
hypotrochanteric fossa a reversion to earlier forms, but it seems clear that such forms 
are not a single ancestral form that combined the third trochanter, the fossa and 
the trough. The apes show as a rule the crural trough but not the third trochanter. 

(iv) Wialbrand’s Process (called by Barkow: Processus supracondyloideus 
externus femoris). A processus supracondylowdeus imternus was first noticed on 
the humerus. Here the process is always on the internal side in a definite 
position giving an arch through which the median nerve and sometimes the 
superior profunda artery pass. Wilbrand in 1843' was, we believe, the first to 


' See reference p. 69, ftn. 
11—2 
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record a process on the femur, which occurred in his case on the lower third of 
the bone at the origin of the short head of the biceps femoris. He compared. 
this process with the process on the external side of the femur in the armadillo, 
beaver and tapir—z.e. the process usually spoken of as the third trochanter. 
Barkow’ in 1851 described three preparations in the Breslau Anatomical Museum 
which exhibited similar processes to that described by Wilbrand. He also 
compared them to the third trochanter in various animals, remarking that this 
trochanter in horse and tapir is above the middle of the shaft, in the beaver 
about the middle, but below in the case of the armadillo®. In all cases it springs 
from the ridge which corresponds to the external lip of the linea aspera in man’. 
Its position seems to be very variable, it may be below the popliteal apex on the 
external supracondylar ridge, or in other cases at the middle of the shaft before 
the labia have separated, or as much as seven inches above the level of the 
external condyle. In examining nearly 2000 femora, English and Egyptian, we 
have only found one English and four Egyptian cases which provide processes 
which by their position and dimensions correspond at all with that described by 
Barkow. The English bone itself, L. S. 216, exhibits a small fossa hypo- 
trochanterica surmounted by a trace of a third trochanter. The process itself 
is figured in Plates XXIV and XXVII, and is situated slightly above the middle of 
the shaft ; it would be difficult to state whether it lies on the external or internal 
lip, for it is astride of the linea aspera, being slightly more mesial than lateral 
because the linea aspera is here so. Its width is 1°3mm., it involves a length 
of about 40 mm., and its height above the internal lip is about 7 or 8mm. The 
linea aspera runs up into the process and the pilaster appears to cease entirely 
where the process ends. 

It appears difficult to associate such a process with the therd trochanter, for 
the same bone has traces of a third trochanter in the usual situation, unless we 
assert that, as we know the third trochanter can take a great variety of positions 
in different animals, so in man as an atavism it can take any position on the 
gluteal ridge, linea aspera and external condylar ridge, and even appear in two 


1 See reference p. 69, ftn. 

> In a preparation of Dasypus sexcinctus which we owe to the great kindness of Profesor Keith the 
third trochanter stretched over the whole middle third of the bone, but its position was rather to the 
upper than the lower half of the shaft. G. Cuvier in his Anatomie comparée, recueil de planches de 
myologie...Paris, 1849, gives a plate (Vol. 11, Pls. 259, 260 “Tatau & six bandes”) of Dasypus sexcinctus 
and shows a muscle (unnamed) in part apparently differentiated from the gluteus maximus proceeding from 
the region of the tail to about the middle of the femur. We had some hope that this would turn out to 
be a caudo-femoral muscle comparable with that muscle in birds, and leading rather to a “fourth” than a 
third trochanter. Dr Wood Jones most kindly undertook an examination for this muscle in the above 
mentioned specimen from Professor Keith, but no differentiated portion of the gluteus maximus with 
differentiated insertions was discoverable. 

* The difference between external and internal condylar ridge in the case of the femur and humerus 
would be less significant, if we accepted Martins’ theory of the humerus being comparable with the 
femur torted through 180°, but there is no significant region in this locality in the case of the femur as 
in that of the humerus, i.e. we are not dealing with any definite muscular insertion or nerve origin. 
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places on one human femur. It may be noted that the site of the process is 
almost exactly the centre of ossification of the shaft, and it might therefore be 
an exostosis due to exuberant ossification. But as the trochanter major and 
trochanter minor have their separate centres of ossification, and such a centre has 
been asserted to exist for the third trochanter in man’, the association with 
a centre of ossification might not be unreasonable in the case of an atavism. Ima- 
gination might run riot if we ventured to refer to the fourth trochanter of Dollo 
in the Iguanodon and in birds, especially as that appears in his cases to be definitely 
on the mesial side, associated with a caudo-femoral muscle, and in the distal half 
of the bone. In specimens, however, of wild duck and wild goose (see Plate XLI, 
fig. (1) a and b) we have found it almost to coincide with the popliteal apex. 
We have met occasionally with slight elevations of the external lip or the upper 
part of the linea aspera, but this is the only English case which appears to be in 
the least comparable with the processes described by Wilbrand’ and in particular 
by Barkow’. We do not think that the term processus femoris supracondyloideus 
externus at all aptly describes the process and we prefer to call it Wilbrand’s 
Process. Gruber® ridicules the existence of this process, but does so chiefly on 
account of its inaptly chosen name and its association with the third trochanter. 
He had himself found an apophysis tuber supracondyloideum ossis femoris im- 
ternum or processus supracondyloideus ossis femoris wnternus in 123 out of 260 
subjects. It is quite close to the internal condyle, between the internal lip of 
linea aspera and the middle line of popliteal surface, perhaps $” above the internal 
condyle. Gruber considers it a muscular process produced by pull of the M. 
gastrocnennus internus*. See our Plates XXII and XXIII; we have recorded it 
as tubercle of internal head of gastrocnemius. Gruber then says that a processus 
supracondyloideus ossis femoris externus should be a developed apophysis of the 
small tuberosity, which Gruber calls tuber supracondyloidewm externum. This 
latter lies 4” to 4” above the inner side of the external condyle. It serves for 
the insertion of M. plantaris. Gruber himself had never found such a_ process, 
although the tubercle was not very uncommon’. As for Wilbrand’s process 
Gruber considers that if it has any existence at all it is only a chance exostosis. 
The whole of Gruber’s criticism with regard to the terminology may be, and in 
fact must be, admitted. But the reader has only to examine our Plates XXIV 
and XXV; he must admit that Wilbrand and Barkow were drawing attention to 
an apophysis which has striking resemblance in general position and appearance 
to the apophysis in the middle of the shaft of Dasyprocta and the goose. It may 
be that in the five bones in which we have come across it, it is in every case an 
accidental exostosis. But on the whole it is singularly constant in position, and 
we have not found these processes at other points of the linea aspera. 

If Wilbrand’s process be finally settled to be a mere accidental exostosis, 


1 Geddes, Bibl. 105. ° For references, see our p. 69, ftn. 

5 Bibl. 3) ba," p. 99. 

* “Durch Zug des musculus gastrocnemius internus hervorgebracht,” loc. cit. 8. 103. 
® Loc. cit. S. 106—7. 
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then it is so rare that it deserves record, and some explanation of its appearance 
in the neighbourhood of the popliteal apex ought to be forthcoming. On the 
other hand its relation to the so-called third trochanter in Dasyprocta is not so wild 
and far-fetched as Gruber would cause us to believe, and his criticism is somewhat 
weakened by his vigorous attack on a terminology which was no doubt unsuitable, 
but at the same time conflicted with his own use. 

(v) Tuber supracondyloideum externum, and Tuber supracondyloidewm 
mternum’. The most recent consideration of the supracondyloidal area that we 
have come across is due to Hentzelt%» He accepts Gruber’s tuber supracondy- 
lovdeum externum (laterale), associating it with the external head of M. gastrocnemius 
as well as M. plantaris. On the medial side he finds matters more complicated 
and he distinguishes between Gruber’s tuber supracondyloideum internum (mediale) 
and a process which he terms the processus muscularis lab medialis and considers 
as something new (1911) and apparently overlooked. He finds this process in 250 
out of 265 femora examined by him, or in 94'3°/, of cases. This process according 
to Hentzelt occurs where the medial lip of the linea aspera (internal supracondylar 
ridge) passes on to the epicondyle. He says it is usually looked upon as a rugosity 
of the epicondyle at the end of the labiwm mediale and is not especially noted. 
On the tuber supracondyloideum internum arises, he tells us, the external portion 
of the internal head of gastrocnemius while “die mediale Portion zum Ansatz 
des M. adductor magnus tritt, der mit semem langen Sehnenstrang am Processus 
muscularis lab medialis inseriert*.” According to Hentzelt the united insertion 
of the internal portion of the internal head of gastrocnemius with the end-tendon 
of the adductor magnus had misled Gruber to identify his process with the 
tuber supracondyloideum mediale. If we might venture to express an opinion 
on the matter, it does seem to us that the tubercle given as a on Gruber’s 
Tafel I, figs. 1—8, is not identical with the process shown as @ on his Tafeln II 
and III. The latter is on the internal lip of the linea aspera almost at the point 
where it reaches the epicondyle; the former is on the popliteal plane and different 
portions of the internal gastrocnemius muscle proceed to the two. The two cases 
are shown in our Plates XXII, XXIII and XXVI. As we take it Hentzelt proposes 
to call the tubercle on the internal lip of the linea aspera his processus muscularis 
lab medialis, and he asserts that the end-tendon of M. adductor magnus is 
inserted there. But Gruber’s Tafel II seems to indicate that the porteo inferior 
m. adductoris magn passes it by with a bursa synovialis accidentalis intervening 


* These tubercles were, as Professor Thane points out to us, first referred to by Alexander Munro 
(Primus). In his Zhe Anatomy of Humane Bones, Edinburgh, 1726, he writes in dealing with the supra- 
condylar region (p. 309): “and near the extremity of each of these ridges a small smooth Protuberance 
may be remarked where the two Heads of the muscwli gastrocnemit eaterni take their rise.” It is only 
needful to remark that Munro uses “externus” in the sense of superficial and he distinguishes I. gastro- 
cnemius externus or gemellus from M. gastrocnemius internus or soleus in his terminology. 

* Bibl. 106, S. 30 e¢ seg. He describes three “Hocker” which he terms “ Muskelhécker” and like 
Gruber asserts “durch Zug verscheidener Muskeln entstanden sind” (S. 36). Such language appears to 
suggest that the muscle somehow existed before its area of insertion was developed. 

* Loe. cit. 8. 36. 
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and proceeds to the region of the adductor tubercle. We have only found the 
same sort of processus as that figured by Gruber in Tafeln I and II in one out 
of some 2000 femora examined, while Hentzelt states that he has found it in over 
94°/, of femora. Hentzelt’s references to the “ Endsehne” of M. adductor magnus, 
and to the point at which the labium mediale terminates, together with his 
percentage of occurrence, might have led us to consider his processus muscularis 
lab medialis’ as coinciding with the adductor tubercle, had not that tubercle 
been well recognised in anatomy in 1911. Not being able to identify Hentzelt’s 
process we have omitted it from our statistics. On the other hand, our tuber 
supracondyloideum internum corresponds to the area of insertion of the external 
portion of the internal gastrocnemius muscle and is always on the popliteal area. 
Gruber’s process on the medial lip of the linea aspera seems to us differentiated 
from it, and in any marked degree we have only come across it in the case figured 
on Plate XXVI*. We term it Gruber’s Process simply to distinguish it from the 
supracondylar tubercles. 

In the table on p. 88 we have endeavoured to give a comparative display 
of what data aré available for these supracondylar tubercles. Hentzelt’s three 
classes are: (1)= “sehr stark entwickelt,” (II) =“ gut entwickelt,” (III) = “‘ ange- 
deutet (als Tuberositas entwickelt).” They should correspond fairly closely with the 
classes we adopted for dealing with the Egyptian Naqada data, 2.e. (1) = “‘ well- 
marked case,” (II) =“ distinctly present in definite form,” and (III)=“ some trace 
if only slight.” On the other hand, the classes we formed earlier for English 
bones, namely, (i) = “well marked,” (ii) = sensible, (11) = distinctly absent, or 
very doubtful if existent, if easier for classification are not very good for com- 
parative purposes. 

This table seems to show that well-marked cases of the tuber supracondy- 
loideum internum or externum are rare, extremely rare in the latter case; they 
are, however, somewhat more common in man than woman. While Gruber and 
Hentzelt agree fairly well for the sum of (I) and (II) and do not differ widely from 
our Egyptian data, especially for males, no comparison can be made between our 
English (i) and (ii) and the Naqada (1), (II) or (III). All we can say is that well- 
marked cases have much the same frequency in all the races so far dealt with, and 
that it is very largely a matter of personal equation to determine total absence ; 
the tubercle diminishes through every grade of rugosity to zero, even as the third 
trochanter does. We doubt whether a satisfactory study of the presence or 
absence of these tubercles is possible and should be inclined in any future 
investigation to record only “ well-marked ” cases. 

While Gruber associates the external supracondyloid tubercle with M. plantaris 


1 According to Hentzelt (loc. cit. SS. 27 and 31) Alfred Stieda in skiagram analysis of knee inquiries 
had several times found this process broken off in the living subject. 

® The adductor tubercle is usually (and is usually figured) below the level of the insertion area of the 
internal head of gastrocnemius. On the other hand Gruber’s process of the medial lip seems to us either 
above or at most on the same level as this insertion area, 
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and Hentzelt with the external head of M. gastrocnemius as well as M. plantaris, 
we have often found it impossible to be certain of the limits of insertion of the 
two muscles on the bone taken alone. At any rate we have not been able to 
satisfy ourselves that the areas of insertion are as distinct or as definitely located 
as is indicated in some anatomical text-books, or at least that they can be thus 
clearly differentiated on all dead bones. Accordingly we have simply recorded a 
tuber supracondylordeum externum, where it occurs without venturing to associate 
it with gastrocnemius or plantaris. Indeed we almost gave up any record of 
this tubercle at all, it is so vague and unsatisfactory, and we lay no special 
stress on our results. 

As a method of testing the assertion that muscularity is the essential factor 
in producing tubercles we have correlated the presence of the internal supra- 
condylar tubercle with that of the third trochanter. We have the following 
tables for the Naqada femora: 


Male (R. +L.) Female (BR. +L.) | 
Internal Third Trochanter Third Trochanter 
Supracondylar 

Tubercle | | 

Present Absent Totals Present Absent Totals | 

Present: 4. s<s0-: 106 121 221 98 113 211 | 

| | 

Absent ......... 19 39 58 37 70 107 | 

| 

otalsmmrnsrse ay 125 160 285 135 183 318 | 
Correlation ... r=+-205 + 069 r=+-186 + 060 

nae 


Thus there is some small but definite association between the presence of the 
internal supracondylar tubercle and that of the third trochanter. But it is far 
from sufficiently large for us to argue from the presence of one to the presence 
of the other. Yet from the presence of tubercle and trochanter in very muscular 
bones and the absence of both in non-muscular bones, we might have anticipated 
a high correlation. Had it been large it would not have proved that muscularity 
is the source of tubercles, but it would not have told against that hypothesis. 
Association in presence might merely have indicated a link in evolutionary history. 
It may of course be argued that marked muscularity of the proximal may occur 
without equal muscularity of the distal end of the femur. At any rate the 
correlation is sufficient to suggest that it would be worth studying whether the 
internal supracondylar tubercle occurs in marked conjunction with the third 
trochanter in lower types than man. It appears to do so in the rabbit’. In 

1 See our Plate XXVII, fig. (IV), where this tubercle is visible, but not very adequately from the 


posterior aspect. In fig. (IV) the draughtsman has only given the depressions between the gastrocnemius 
protuberances, which are very marked in the original. 


K. P. 12 
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Dasypus sexcinctus there is almost a “ Gruber’s Process” towards the limit of the 
area of insertion of the internal head of gastrocnemius, it appears too high above 
the condyle to be looked upon as an exaggerated adductor tubercle’. We may 
thus attribute the association to reversion with as much logic as to muscularity. 
(vi) Povrrer’s Facet. The first anatomist to lay adequate emphasis on this facet 
of the neck of the femur, as far as we have been able to ascertain, was Poirier’; 
it appears in his Traité d’ Anatomie humaine of 1892. At any rate Poirier 
named it as the “empreinte iliaque,” and French anatomists, and German writers 
following them, have attributed the interest aroused in the facet to him. Bertaux* 
in the previous year, 1891, refers to an extension of the articular surface on to the 
neck and states (p. 19): “Nous avons cherché la signification de cette empreinte ; 
elle donne insertion & un trés fort trousseau fibreux de la capsule articulaire.” 
Poirier was in 1894 “‘Chef des travaux anatomiques a la Faculté de Médecine” in 
Paris, and his pupil Evangeli-Tramond, writing in 1894*, attributes the first 
consideration of the subject to Poirier. He rejects the view of Bertaux, and sub- 
stantiates on a larger number of subjects than Poirier himself had done that this 
surface is covered by a thin sheet of cartilaginous tissue similar to the cartilage 
of the femoral head. Referring to the fact that the facet may be either separated 
or united to the head, he continues: 
Quand l’empreinte était isolée son cartilage était séparé de celui de la téte par une bandelette osseuse 


recouverte de son périoste, quand des deux surfaces se trouvaient réunies, la méme nappe cartilagineuse 
s’étendait sur l’une et l’autre sans distinction®. 


Tramond adopts Poirier’s suggestion that the facet arises from all the move- 
ments in which the femur is extremely bent on the pelvis. In order to realise 
the facet, however, we are told that the acetabulum must be sufficiently deep and 
the anterior face of the neck almost at the level of the cartilaginous surface 
of the head®. Thus the facet is attributed to exceptional use under exceptional 
osseous conditions. But why should this extension of the cartilaginous surface 
be any more the result of use than the production of the cartilaginous surface of 


* See our Plate XX VII, fig. (IIT) for Dasypus. 

* Bibl. 55, pp. 210 and 220. ® Bibl. 52, pp. 114 and 119. 

* Bibl. 65, p. 61. Rudolf Fick (Bibl. 92, 8. 318) also attributes to Poirier the first description, 
although he states that Henle indicates the facet in his diagram of the femur. The same remark, how- 
ever, applies to the diagram of the femur in Quain’s Anatomy, where Lawrence has clearly indicated the 
presence of the facet in a drawing of 1890 of the head and neck (see our Plate I). But the earliest 
reference to the facet is that of Henke (Bibl. 8, 8. 205) who wrote of the articular surface of the head 
in 18638: 

Am oberen lateralen Rande geht auch die tiberknorpelte Flaiche oft noch ein Stiick auf den Hals 
iiber, der dann hier nicht kugelig aber doch auch in der Richtung von hinten zu vorn convex gebogen ist. 
But this does not suffice to give Henke a substantial claim as against Poirier. In German the “em- 
preinte iliaque” of Poirier has been rendered as “ Darmbeineindruck,” or “ Halsgelenkhécker” (Eminentia 
articularis colli femoris). 

5 Loc. cit. p. 63. 

§ Loc. cit. pp. 64—5. 
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the head itself? Is that also supposed to be the result of use and not of specialised 
cell growth? The question is of considerable interest because in the rabbit and 
armadillo and in other cases the articular surface extends normally, not exceptionally, 
right onto the neck, reaching practically to the great trochanter. Thus we are 
either bound to assert that in these cases an area without any internal boundary 
is produced from 4% to 4 by use, and the remainder by specific inheritance, or else 
to assume that the whole area is due to a common cause, use or specific inheritance. 
But if this be so in the case of these animals, it seems idle to press the use 
origin of facets in man, unless we attribute to the same cause the whole area 
covered by the cartilaginous surface. Naturally even if the explanation were 
specific inheritance we should anticipate that the facet would be at the same 
time associated with variations, as Tramond suggests, of both the neck of the 
femur and of the acetabulum. What we question, having regard to the very 
wide prevalence of the facet, is any need for habitually exaggerated movements 
in addition to special variation of femur, neck and acetabulum; but given these, 
how can we be certain that they do not themselves connote an extension of the 
cartilaginous tissue, or that the facet is a product of usage at all? 

In the case of man to attribute this facet to exaggerated movements appears 
to be idle’, because Sudeck* found in examining a large number of femora that 
the facet was practically always present, and Fick’ found it in 73 out of 80 femora 
examined. We consider that here again the percentage is largely a matter of 
personal equation, of the state of preservation of the bones under consideration, 
and of the markings which are included under the term facet. We have ourselves 
formed grades and categories of markings which may be considered under the 
head of facet of the neck or Poirier’s facet. In the Appendix C, A stands for 
absence of the facet, when it occurs in the column headed Poirier’s Facet ; d stands 
for a bone in which the neck is so damaged that determination is impossible. 
Our first category, indicated by a, includes those cases in which there is unbroken 
prolongation of the articular surface on to the anterior face of the neck*: Where 
prolongation is very pronounced, we frequently find lpping of the articular margin 
just above the prolongation’. The prolongation is usually at the uppermost part 
of the anterior face of the neck, where it joins the superior surface. We have the 


1 Poirier recognises in general as the cause of the facet “tous les mouvements dans lesquels la cuisse 
est extrémement fléchie sur le bassin, la cuisse étant plus ou moins en abduction” (Bibl. 65, p. 64). 
Tramond sums up by saying that: “lempreinte iliaque est due au frottement de la partie antéro- 
supérieure et interne du col contre le renflement du bourrelet cotyloidien sousjacent a |’épine iliaque 
antéro-inférieure, que la surface de l’empreinte est proportionnelle a la saille du renflement, et qu’enfin 
Vempreinte sera soit isolée, soit 4 peine tangente, soit en partie confondue avec la surface articulaire de 
la téte suivant que celle-ci sera peu étendue, ou au contraire empiétera beaucoup sur la face antérieure 
du col” (p. 66). 

2 Zur Anatomie und Aetiologie der Cowa vara adolescentiwm in the Archiv fiir klinische Chirurgie, 
Bd. urx. 8, 504—524, especially 509. Berlin, 1899. 

3 Bibl. 92, S. 318. 4 W. 209, W. 303 and W. 311 are fully developed examples. 

5 W. 311, W. 169, and W. 358. 
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impression that such prolongation is usually found in rather strong and heavy 
bones. 

8, our second category, includes facets of excavation type. These really 
fall into two classes. In the first there appears to be an excavation, but it may 
only be apparent and due to the raised ridge at its margin—the “bourrelet 
osseux” of Poirier’; these “excavations” are situated in the same position as 
the facet proper, and would perhaps be properly included in that category’. The 
second kind of “excavation’,” which is perhaps more suitably described as such, 
is usually situated somewhat lower down on the anterior surface of the neck, and 
is more usually found in the more lightly-built bones. It has almost the 
appearance of an ulcer with sharply defined edges frequently undercut*, and one 
of its chief peculiarities is that on the floor of the excavation the cancellous tissue 
is frequently exposed. When this occurs we have described it as an “ erfosion‘.” 
We believe that it is possible that there is an association between this “erosion” 
and the theory of Sudeck’ that Poirier’s facet is the “iiussere Betonung einer 
besonders starken Spongiosastelle im Innern’.” The distinction between the two 
classes of category @ has been noted in the remarks to the measurements in 
Appendix C, where the “erosion” facets are marked £,. 

Lastly, under category y we include the facet proper. We have applied 
this term to the rough impression situated on the anterior face of the neck, which, 
whilst it may reach as high up as the “prolongation,” also may extend very 
much lower down®. It is usually rough and limited by a definite ridge which 
runs roughly parallel with the anterior intertrochanteric line’. 

We have classified under one heading the facet proper, the prolongation and 
the two types of excavation”, not because we consider that they are necessarily 
all due to one source, but because the various authorities in discussing the facet 
appear to refer first to one and then to another of our types. One, two or even 
three phases of our facet may occur on the same bone, and we have noted 
these occurrences individually and in combination. The following tables give 
our results: 


? Bibl. 80, p. 231. Note C. 
* Tilustrations are W. 448, W. 446 and W. 569. 
* Tllustrations are W. 139, W. 634, W. 692 and W. 694. 
* For example, W. 694. 
All we mean by this is that in appearance it has something of the nature of an erosion; we do not 
associate the word with any dogma as to origin, or with the erosion which occurs in arthritic bones. 
§ Loc. cit. (p. 91) 8S. 509—510., 
" Walkhoff (Bibl. 91, in his Figs. 10 and 13 especially) seems és show by his skiagrams that the 


spongiosa in the ieighbeasiead of the facet is to some extent differentiated. See also Sudeck’s Tafeln 
XI—XIII. 


SHG We Lilite 
® See W. 63, W. 622 and W. 657. 


* Actually in Appendix C we add I to a, B, or y when that particular facet is very well marked, and 
III when it exists only slightly. 
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Presence of Powrier’s Facet (London Femora). 


Bone d a B ¥ ag ary By apy A Total |°/, with Facet 
3 R. 27 39 46 61 14 20 2 3 27 212 87°3 
é I. 33 4] 66 44 9 29 6 1 26 222 88°3 
® R. 36 11 58 34 5 3 if 0 33 151 78:1 
Onis, 27 9 80 34 7 il 3 2 31 167 81-4 
Totals 123 100 250 | 173 35 53 18 6 117 752 84:4 
x 12:1 18°4 | 25:8 | 24:2 O80) LT Sea ek8 0-9 | 12-2 434 87:8 
I. @ | 165 6:3 | 43:4 | 21-4 3°8 1:3 31 0°6 | 20-1 318 WOE 


Presence of Powrier’s Facet (Naqada Femora). 


Bone a B Y aB ay BY apy A Totals "ieg 
am, ae 36 48 169 2 15; [roils 2 68 | 355 | — 
+L. | 10-14 °/, | 13°52 °/, | 47-61 °/, | 0°56 °/, | 4-23 °/, | 4:23 °/, | 0°56 °/,|19-15°/,| — | 80-85°/, 
Arig? 31 143 67 0 13 6 1 Toten) -3828| 
+L | 812°, (37-43 °/.117°54°/,| 0°/, |3-40°/. 1157 °/,| 0-26 %/,|31-68°/,] — |68-32°/, 
21 108 | 101 1 15 7 4 ie | oeeee eee 
Unsexed R. +1. | 6.31 > | 39-43 °/, | 30-38 °/, | 0°30 °/, | 4°51 °/, | 2°10 °/, | 1-20 °/, |22-89°/,| — |77-18°/, 


Thus the facet appears to be rather less frequent in the older series of 
bones. 

On the whole our conclusion does not differ very widely from that of Fick’, 
who found 91°2°/, with the facet, so that by adding all types together we are 
not in excess of his frequency. Parsons® gives for presence of the facet ¢ R. 79°/,, 
$L. 79°/,, 2 R. 58°/,, 9 L. 67 °/,.. He does not, any more than Fick, define what 
he means exactly by the facet or differentiate its types. He agrees with us in 
indicating that it is less frequent in the female than in the male. Our numbers 
appear to suggest that it is slightly more frequent on the left than on the right 
side, a result shown by Parsons only, but in a more marked manner for the 
females. An examination of the percentages of our tables indicates at once what 
is the difference between the male and female bones. The females have a marked 


1 Bibl. 92, p. 318. 2 Bibl. 111, p. 255. 
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absence of facets of the prolongation type (a) and a marked redundancy of facets 
of the excavation type (8). This confirms the rough impression of the recorders 
that the prolongation facet occurred chiefly in the stronger and heavier bones, 
and the ‘‘erosion” facet in the more lightly built bones. As 16°5°/, of the 
English female bones were damaged so that the facet could not be determined as 
against only 12°1°/, of the male bones, it seems possible that there may be really 
little difference in the total percentage of facets between male and female bones, 
although it is fairly certain that the males have greater frequency of the 
“prolongation” and the females of the “erosion” type. In view of the fact 
that at least four out of five femora have the facet, it seems idle .to attribute 
it to exaggerated movements of the thigh-bone, least of all to any practice of 
squatting’. 

We have set ourselves the following further problems : 

(a) Is the presence of the facet in any of its forms related to (i) the angle 
of neck and shaft, (it) the primary index of the neck and (iii) the secondary index 
of the neck, 7.e. the ratio of minimum horizontal diameter of neck to horizontal 
diameter of head ? 

(b) (i) Is its presence associated with greater or less pilastry or platymery ? 
(ii) with the presence or absence of the third trochanter or of the hypotrochanteric 
fossa? 

(a) (i) Is there association of Poirier’s Facet with the angle of neck and 
shaft (collar or cervical angle) ? 

The data are provided in the following tables : 


English Males (R.+L.). Collar Angle in degrees. 


Class of Poirier’s Facet 


*112| 114—| 116—| 118~ | 120-| 122— | 124— | 126— | 128-| 130_| 182- | 134—| 136—| 138—| 140-| 142— | 144— | 146— | 148- Totals 
-113| 115 | 117 | 119 | 121 | 128 | 125 | 127 | 129 | 181 | 133 | 185 | 187 | 189 | 141 | 148 | 145 | 147 | 149 
rms fe ee pe faa aaa pe eee ye | 14] 6) 4] 2/ 5) 1}—|—}— | 80 
—]) Db 2 ded B46 Oil 6 110 8 Ola 7 Pel G ae Bul Mba) mee ieas eee mL 2 
y fm) lL | A 2 Cte 1a 2 NG aoe ns eee ee nS 
a8. || — PL bod De ee ee eg 
By }—|—|—}~-|—}]—-72)—4 1] 4] 1) 1)—]—] t]-)24—]—] 8 
yo | —}—|—}]—] 2) 2) 7,).3 }—} B&B] -8).6] 6) 2/.2)—|—]—|—] 43 
aby |—|—}|—}]—}1}—}/—]—]—}] 1/—}/—)—4—] 2)/—-}—]—-—|]—-] 4 
A |—] 1 {—f— [ee | 2 a8 bw 6 Bal Bat) at eds 
Totals i 4 | 6 | 5 | 19 | 26 | 37 | 81 | 41 | 51 | 60 | 42 | 24 | 16 | 21 | 11) 6 | 3 | 1 | 405 


1 Were it needful—which we doubt—to find an habitual posture likely to produce by pressure 
Poirier’s facet, we would suggest the lying full length on the side in bed, with the upper lower limb 
thrown forward as the most likely position to induce considerable pressure on the observed region of the 
facet in the under lower limb. 

* 112—113 signifies all values including 112 up to and wnder 114. 


Class of Poirier’s Facet 
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English Females (R.+L.). Collar Angle im degrees. 
1106 | 108- | 110-| 112-| 114-| 116—| 118] 120-| 122- | 124 | 126- | 128- | 130- | 182-| 134- | 136-| 138- | 140] 142 144-| 146-| 148- 
-107| 109 | 111 | 113 | 115 | 117 | 119 | 121 | 123 | 195 | 197 | 129 | 181 | 133 | 135 | 137 | 139 | 141 | 143 | 145 | 147 | 149 
ea er aa ; i har © (oad 
a ees | heen Ew cane nee oat ook abe geniedal =) 1) | — |.—-} — | — 
Pe eee 1 te in et Ce Seren Veneto tanielame von ted 3;1 3} 1°) 2 | 4 
6) RE RR GR I ae) lS hae | Bi Sa RES als ea 
pam hos | ee eT eb oe ipl) Veh id Dy lt ly Pe ee A eg i eee 
(Ee i eel eee lc ay | le ye ay a 2 i ea ted =U een bead aa 
yo — | — |] — | — | — | — | —)} 1 — |— | — 1 T}—] — | — | — | — | — | — | — | — 
eee eee eel tale || | | 
A —}—}]—}—|—} 2 2 4 | 8 5 6 7 8 3 5 8 2); 2)—/]2)—|— 
Totals} 1 {;—j| 1 4 | 4 8 (apLOne 20m eZ eZ Soy e290 |e 28elesl e290 | 191) 69 3 4 2 1 


Totals 


304 


We have found the mean collar angle for all femora showing sign of a-facet 
(ue. a+a8+ay+ aBy) and for all showing sign of B-facet, for y-facet and for those 
Placed in order of size we have for these 


in which there is an absence of facet. 


means : 


Male Femora 
mg, = 132°-24 + °73 
mg = 131°°79 + °39 
Mg = 130°:92 + °34 
my = 130°:34 + 35 


Female Femora 
mp =131°-22 + -40 
m, =129°-61 + 56 
My = 129°54 4°75 
my = 128°-20 + °50 


We have for the most marked differences : 


Male 
Ms — my, =1°:90+'81 
mg — My = 1°45 + 52 


Female 


1°41 4°75 
3°-02 + 65 


It would thus appear that in the case of the “excavation” or f-facet the 
collar angle may be greater than in the case of an ordinary or y-facet. 
the significance is somewhat lessened by the absence of facet being more closely 


associated with the B- than with the y-facet. 
Is there association between the index of the neck and the presence 
The following means flow from the Table on p. 96: 


(a) (u) 


of the facet ? 


Mean Index of Neck... 


Facet Present ... 
Facet Absent ... 


Males 


75°71 


ed Ored 
Bee sy Wi 


Females 
76:97 
77-02 
76:78 


1 106—107 signifies all values including 106 up to and under 107. 


But 
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Index of Neck (R.+L.). 


Poirier’s 59- | 61- | 63- | 65- | 67- | 69- | T1- | 73- | 75- | 77- | 79- | 81- | 83- | 85- | 87— | 89- | 91- | 93- | 95-- 


97- 

Facet | go | 62 | 64 | 66 | 68 | 70 | 72 | 74 | 76 | 78 | 80 | s2 | 84°] 86 | ss | 90 | 92 | 94 | 96 | 98 | toms 
Present | — | 1 | 2 | 6-5 /25:5/21 [46°5/53-5|54 |43-5/49-5| 24 |17-5/13-5) 4 | 1 | 3 | 1 | —| — | 367 
bees 1 |) T8h3 oh asl sei 6ll SB4 85) 65) 7-5 eee meen ae i een ete pi 
Totals 1 1 SOLD 28 94°5152:5157 |62°5150 157 281 Wied l6"Dies4 1 4 1 — | — 418 
Present | 1 | 0:5 | 3:5 | 1 6 : 15 |20°5132°5|27°5137 143 |14:5)/21 8 8 1 1 — il — 242 
hook ee Se ee 1:5) 4:5! 5 |10 8°51 P1D) 18 y) I5) 2 1 S23, Pos, Ns if —— 62 
Totals LT O:b taro me 7°5119°5|25°5|42°5136 |48:5151 |16:5| 26 | 11 9 1 ] — 2 — 304 


In both the sexes the neck index is very slightly higher when the facet is 
present, z.e. the more circular the neck, the greater intensity of the facet. But the 
probable error of the mean of the short series with facet absent is + ‘5, and accordingly 
it is very hard on the basis of these results to assert definite relationship of the 
absence of the facet to ellipticity of the neck. We worked out the correlation 
between ellipticity of neck and the intensity of the facet and found for biserial 7: 


Males r= — ‘060 + (053; 
Females r= — ‘025 +055. 


It will be seen that these correlations although both negative have no significance, 
having regard to their probable errors. 

(a) (iil) It seemed possible, however, that a more important factor than the 
shape of the neck might well be its size relative to the size of the head. Accordingly 
we formed a new index, taking as its measure the minimum horizontal diameter 
of the neck divided by the horizontal diameter of the head with the usual factor 
of 100. This index is a rough appreciation of the slenderness of the neck relative 
to the head; and we might anticipate that, if this index were low, the facet, if 
due to pressure, would be less conspicuous. It is conceivable that this index 
would also be of interest in comparing the femora of modern Europeans, primitive 
man and the anthropoids. We term it the Secondary Neck Index or Neck-Head 
Index to distinguish it from the more usual Primary Index of the Neck or the 
Ellipticity of the Neck. 

The table on p. 97 provides the following results: 


Males Females 
Mean Secondary Neck Index ... 55:26 55°53 
Facet Present... a ane DNS 55:57 
Facet Absent... she 362 BER 55:38 


The biserial correlations are: + °246+°056, +:°033+ 059. 


Poirier’s | 41 | 49/43) 44| 45 | 46 
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Neck-Head Index (h.+ L.). 


ov 


Now these results are remarkable; there is a significant difference between 
the mean values of the neck-head index in the cases of facet present and facet 
The correlation if small in the male 
is sensible, having regard to its probable error; it is insensible in the females. 
We have therefore to discover, if possible, some explanation of this anomaly. 

We have shown on p. 91 that in our opinion there are at least three classes 
of facet; a the prolongation facet, 8 the excavation facet, and y the true impress 
facet, a rough surface usually bounded by a definite ridge, which is separated from 
the articular surface of the head and the floor of which is not excavated. Com- 
binations of these facets may exist side by side in the same bone. 
regrouped our material, finding the mean of both primary and secondary neck 
indices for the categories a, B, y; here we understand by a all the categories 
containing a, or a=ataB+ya+ ay, 
y=ytayt+By+aBy. The tables on p. 98 were obtained. 


absent in the males—none in the females. 


We accordingly 


and similarly B=8B+a8+ By+afy, 


The means of the rows give the following results where m ;= mean of total: 
Ellipticity of Neck 


3 
mg = 75°91 
Ma+p+y = 15°60 
Mp = 15:56 
Ma = 15:53 
My = 75°41 
m,=TH 17 


Mz = 17°39 
Msg = TEAS 
M%o.4-B+y = 77-06 
M= 77:01 
m,=76°78 
my, = 76°76 


3 


Neck-Head Index 


Me = 55°89 
Ma+p+y = 99°34 
My = 55:29 
mp = 5519 
mp = 54°81 
m= 53°89 


2 
Mz, = 56°16 
mp = 55°85 


Ma+p+y = 59°69 


Mp = 5563 
m4 = 55°38 
My = 55°13 


Now an examination of these means shows that the ellipticity of the neck has 
very little influence at all on the presence of the facet. The presence of the simple 
type of facet (y) gives no sensible difference in the mean ellipticity of the neck 
from the absence of facet. m, and m, are higher than m, and m, for both sexes, 
but we may doubt whether this has any solid significance. All we can say is that 
prolongation and excavation types of facets occur rather more frequently on femora 
with more circular necks, but the significance is very, very slight. 


K. P. 


Turning now 


13 


act 47/48/49) 50 | 51 | 52 | 58 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61} 62) 63] 64 | 65 | 66 | 67 | 68 | Totals 
ete ae —|—|—) —|—] 1 | 5) 2 |6°5) 10°5) 14-5) 22 |25°5/83 |40-5| 42 |35°5)25°5) 16 |12°5/7-5/8-5|1-5| 1 | —}|—| 1 ]1] 308 
Absent |—|—}—)/—|1/1)|—| 3 1 | 3 | 4:5) 4:5] 4:5] 5:5) 4) 4 | 3 2} 1 ;)/—)1 j|—|—|—|—|—/|—| 44 
Totals |—|]—|—|—| 1 | 2 | ‘5| 5 | 7:5) 11-5}17°5] 26-5) 30 |37°5|46 | 46 |39°5/28°5) 18 |13°5/7-5/9-5|1:5) 1 | —|]—|] 1} 1] 352 | 
ee, 1 |—)—);—| 1] 1 |—j|—| 2 | 7:5} 85) 11-5)16 | 31 [24 |15°5)25-5)19-5|/15 |11°5)6 |2 12:5) 2 ;—|—|—|—] 203 
Absent | — |—|—|—}]—]|—)] °5/ 5} 1 5 | 2°56) 3 | 3:5) 16 | 5:5) 4 | 4:5) 4:5) 3:5} 2°5/9:5| 5/1 | —|—}|—|—!—| 56 
Totals 1 Bale 1} 1)-5) 5} 3) 8 11 | 145/195) 47 |29:5)19°5)30 | 24 |18:5)14 |8:5/2-5/3:5) 2 |—|—|—|—| 259 
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to the neck-head index we notice that there is irregularity with regard to the 
position of m, and -m, in the male and female series, but that in both cases 
the prolongation facet stands at the head of the series, and the bones without 
facet practically at the bottom. It would seem therefore that such correlation as 
exists between the secondary neck index and the presence of the facet is largely 
due to the prolongation type. We accordingly worked out the correlations between 
the presence of the prolongation facet and the neck-head index and found’: 

Males r= +°184+ 035; 

Females r= +:'116+°041. 


Thus the female correlation has been very considerably increased, the male 
somewhat decreased, by concentrating our attention on the prolongation facet. 
The reason of the previous difference between the male and female correlations 
The males have 37°5°/, of cases with the prolongation facet, the 
female only 13:1°/,.. Thus by including all parts we should weaken the female 
correlation more than the male. At the same time there are so few males with 
an apparent absence of facet, 12°2°/, as against 20°1°/, of females, that a sampling 
error in this group will readily account for the reduction of male correlation, when 
we isolate the prolongation facets of the males. To sum up we find no such 
-marked association between shape of neck and presence of the facet, as we should 
have anticipated had it been due to posture. There is a slight relation between 
the presence of a prolongation facet and the anterior face of the neck being more 
nearly on the same level as the anterior face of the head. This is not necessarily 
an argument that use produces the prolongation, for the very idea of prolongation 
of the articular surface of the head suggests a neck along which it can be pro- 
longed. That a high neck-head index is not usually associated with a prolongation 
facet is shown by examining the table in the footnote below ; it will be seen that 
if indices over 57 be considered high only 31 out of 82 male femora and 14 out 
of 73 female femora with high neck-head indices have prolongation facets. 

If, as the preceding discussion seems to show, the shape of the neck has but little 


is now clear. 


1 The tables were as follows: 
Neck-Head Index (Rh. + L.). 


Ls oa 41] 42] 43] 44] 45|46/ 47/48/49] 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59 | 60 | 61| 62/| 63| 64] 65 | 66 | 67 | 68| Totals 
Present |—} —-|—|—|—|—| -5| -ala | 4:5] 3-5] 7-5] 8:5/14-5/18°5] 23 |19 |10 Caieseen SoS (ete a Deli 182 
poe --|—|—|—] 1] 2 ]—/4:5]65| 7 |14 |19 |21-5}23 |27-5| 23 |20-5/18-5| 12 | 9-5/4-8/4-5| 5] 1 |—|— __| 220 
Totals |—|—|—|{—|1| 2] 5/5 |7-5/11-5]17-5/26-5|30 |37-5146 | 46 |39-5/28-5| 18 |13-5|7-5/9:5|1:-5| 1 |—/—| 1] 1 | 352 
Present |—}—|—}|—|—|— 10h she boi 2" oi —— 3.106 Hepes piegeoeep het ih peo —— | — | |= | — 34 
Wieck 1}|—|/—/—]1]1]|-5| 5] 2] 8 | 95/12 |19°5| 44 |23-5/18 |25-5)16-5|/14 | 13 |7-5/2:5/3:5| 2 | —|—]—|—| 225 
| | 
alien Txt a Bows pe 
Totals 1) Sp) ee 5 ‘5/3 | 8 {11 |14-5/19-5) 47 |29-5/19:5/30 |24 |18°5| 14 |9-5/2:5/3-5| 2 |—|—|—|—| 259 
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association with the presence of the facet, we may ask: Is it associated with 
other anomalies, which we certainly hold to be atavistic in character, or is it 
a purely human character of the femur? 

In the first place we formed fourfold tables for the presence and absence of 
the third trochanter and the facet, combining R. and L. bones. 


Third Trochanter in Males Third Trochanter in Females 


Present Absent Totals Present Absent Totals 
3 
3 
& | Present ... Weal 178 355 130 98 228 
% | Absent...) 25 21 46 43 17 60 
3 
Totals 202 199 401 iis TS 288 


In both cases there is a correlation, small in the males, sensible in the females, 
between absence of the third trochanter and presence of the facet; tetrachoric 
r= —'059+°069 and — ‘223+ 069 for males and females respectively. Similar 


tables were made up for the hypotrochanteric fossa and the facet : 
Hypotrochanteric Fossa 


Hypotrochanteric Fossa 


in Males in Females 
Present Absent Totals Present Absent Totals 

3 
2 
| Present ... 137 241 378 61 186 247 
% | Absent ...| 25 26 51 12 50 62 
3 

Totals 162 267 429 73 236 309 


In the case of the males the facet is more frequently absent when the fossa is 
present, but in the case of females it is more frequently present when the fossa is 
present. The correlations are respectively r= — ‘172 + ‘066 and r= +102 +075. 


These results being very inconclusive we tested them further on the Naqada 
material. 


leading to 


The corresponding tables were : 


Hypotrochanteric Fossa 
in Males (R. + L.) 


Hypotrochanteric Fossa 
in Females (R. + L.) 


r=+°008+°062 and r= +033 + ‘068. 


Present Absent |. Totals Present Absent Totals 

& | Present... 62 197 259 85 199 284 

5 Absent ...| 28 91 119 19 49 68 
3 

Totals 90 288 378 104 248 352 
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We next dealt with the third trochanter and the facet of the neck in the 
Naqada femora and found : 


Third Trochanter in Third Trochanter in 
Males (R. + L.) Females (R. + L.) 
Present Absent Totals Present Absent Totals 

eg rai 
| Present ...| 112 145 257 120 157 277 
"5 | Absent ...] 46 70 | 116 24 42 66 
5 : 
poy | 

PE Oval sina. 158 215 tos | 144 199 343 

leading to r=+°'061+°058 and r=+:'102 +:066. 


The correlations with Poirier’s facet are accordingly in the case of both 
hypotrochanteric fossa and third trochanter quite insignificant. 

Thus it would not appear that this facet on the neck of the femur in man 
is an atavism associated with forms in which either third trochanter or hypo- 
trochanteric fossa are common. For example, the prolongation of the articular 
surface onto the neck is customary in the femur of the rabbit and the armadillo, 
and then is always accompanied by the third trochanter. Poirier’s facet and the 
trochanter tertvus in man do not appear to be associated in like manner’. 

We may now consider how the presence of the facet is related to such 
peculiarly human characteristics of the femur as pilastry and platymery. 

Dealing first with the pilastric index, the tables for analysed nature of the 
facet are given on p. 102. Taken in order of size the means run: 


Pilastric Index for various types of Poirier’s Facet”. 


Means, Males Means, Females 
Ma = 103°24 my = 100°16 
my = 104-11. Ma = 101:09 
ip = 104°19 m= 101°32 
mp = 104-35 mp = 101-69 
m,= 106-97 m4 =101:97 


_ These results for the two sexes are in fairly good agreement; they show 
that the bones without facets have a higher average pilastric index than those 
with facets and that the bones with prolongation and excavation types have the 
lowest pilastric indices. 


1 We have correlated presence of prolongation facet (i.e. category a) with presence of third trochanter 
and find in the fourfold tables for both sexes that the association is negative. Of course in rabbit and 
armadillo the prolongation is more on the top and posterior than the anterior surface of the neck. Such 
prolongations occasionally occur in certain human femora, but we have not recorded them under Poirier’s 
facet. 

2 Here again a=a+ay+a8+ay and similarly for 8 and y. m,=mean of totals. 
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Pilastric Index (k.+L.). 


providing correlations of presence of facet and pilastric index of: 


2" 67'£"092 


and 


— 040 +° 


054. 


We now turn to the platymeric index and examine its relation to the facet 
in the same manner. 


65- | 69- | 73- | 77-.| s1- | 88- | 89- | 938- | 97- | 101-] 105-| 109- | 113- | 117-| 121-| 125- | 129- | 133- | 187- | 141—| 145- 
6s | 72 | 76 | 80 | 84 | 88 | 92 | 96 | 100 | 104 | 108 | 112 | 116 | 120 | 124 | 198 | 132 | 136 | 140 | 144 | 148 | Totals 
a =a — | 2 | 4:5)11°5}19-5)20:5| 27 125-5) 19-5) 17 4 
Q B pe ep ee |) 1 1 9°5/13°5)21 28 215. LA LS bis 
es} y | 1)/—{|—| 1] 2] 5 [12 |145)19-5) 30 )24-5 20 125-5) 7 
& A. a ee ea ea eee | z aay}! tsi) ah |) (oiets|| 1b rela) | AACS 
3 al es ee ee 
© |otals} 1 |—] 1 | 8 | 5 [115/36 [51 169-5] 88 |78 | 64-5/69-5| 21-5 
E 
Z a | i ee Re i SO ced mn ol OM cs a 
i | 
4 B 1 Seok: ta || Zea oe) NO 20 MG OA lea 
2 ae ee ee elias ae OAS Li Bh bbe Re os 
A ee) 2) 2) re One a1 Od meas ets 
Total si eee eee. 2 8 |16 {33 |40°5/62°5) 51 144 | 39-5}16-5) 17 
If now the same material be treated in biserial tables, taking only facet 
present and absent, we find: 
Pilastric Index (R.+L.). 
e5— | 69- | 73— | 77~| si— | 85- | 89- | 93~| 97~ | 101—| 105-| 109- | 113—| 117—| 121—| 125~| 129-| 133—-| 137—| 141-| 145- 
68 | 72 | 76 | so | 84 | 88 | 92 | 96 | 100 | 104 | 108 | 112 | 116 | 120 | 124 | 128 | 182 | 136 | 140 | 144 | 148 | Totals 
. peat eee pee rs Ne ee PE SN an 0) Se ce ae PN Se ee 
 d| Present | 1 |—| 1] 3 | 4 | 7-5|27-5/38 |49 | 70 |57 |42 [49 |18 | 65] 35) —|—| —| —] 1 | a7 
BF) Absent | — | — | —) 1 1a 1 28585] 8 Ame IML te) Db | eo aa eee ede enn 
cs met Pane MC FP A aa | ae. ac acta MANOS al eh Se Mt Nea ee 
* Totals NS Mfc oil 3 4 | 8:5 |30:5) 41:5) 57-5) 73 |63°5) 53 15725) 20:5) 7 SE dear ee ed ©) 
Ts ——_|———_ ee ee eee et 
& §| Present | 1 | —| 2 | 2 | 6 | 75/275|29-5] 47-5] 37 |27 Jo75l145/12 | 4 |— | 1] 1 |—|—|—]J 247 
8} Absent) — ff] eB BO LO a) ts vat ess en omen, eee eee er ee eae ee 
co AS Sd SS ee ee es ee | eee 
Totals 1 | —| 2 2 7 \15 129 | 35-5) 57-5) 47 |41 136:5)15°5) 15) 4 it 1 1 — | — | — | 3li 
These tables give: 
Males Females 
Mean Facet Present 103-91 100°58 
a es Absent 106-97 101-97 


Nature of Poirier’s Facet 


Males 


Females 


Poirier’s Facet 
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Platymeric Index (R.+L.). 
64 | @7-| 70-| 73-| 76-| za | a2 | 85- | se | o1-| 94-| o- | 100-|103-|106-| 109-| 112-| 105 
COE SOT AP, THC PNTSE NT 81 84 87 90 | 93 | 96 | 99 | 102 | 105 | 108 | 111 | 114 | 117 | Totals 
a —| 5| 7:5) 85) 13 235 | 28:5 | 25 16 13 | 6:5) 2:5) 25) 3 BW ees [ee | aN HE 
B —| 5| 4 Spal 15 yaaay || Wey | tte We ee 3 Cay? Onlte k ane LAs 
Y — %| 6 113 |155! 23:5 | 26 meets | (MOR) 9) Ali) | @aa)i teiay a) ee 3|};—] 1 1 165 
A. 1 1/—j| 4 z 3 6 11 5 Oates 2 2) et |e 51 
Totals} 1 | 13: | 17-5) 33-5) 43-5) 65 86 76 ZED WOO Se 1G Le 7s PO%) +2 2 1 516 
a —| 2] 4 i 5 4 4-5 3°D 3 5} 2 )—}—}] — Po 1 36 
B 2 Ly) LON) 14) 4) 25 24 26:5 | 12 145 | 15 | 2 Ab | eee ||) Se lie Wee 3 158 
y 1 2A Noa) 1 Oe ol ae ING) |)” ANS) 9 4 3) 2) == Teel) il Ie} eto We pe 80 
IN. | ee 6 7 10 8 75 4-5 3 | 3 2 yi Le’) | tee ST he 64 
Totals | 3 6 |} 24 |31 |51 515 | 54:5 | 32 26 Yai || 9) 6 4 | 3 5| 2 |—| 4 | 338 
Platymeric Index for various types of Poirier’s Facet. 
Means, Male Means, Female 
Mm, = 84°19 my = 81°33 
my = 85°26 mp = 82°86 
Mp = 85°32 mp = 83-27 
mp = 86:07 m4 = 83:28 
_ m,= 86°88 M,= 83°71 
Here the female data are very irregular, while the male data are very 
consistent and show that the presence of the facet is associated with lesser 
platymeric index. To obtain some final order we took biserial tables for presence 
and absence of facet and obtained the following results: 
Platymeric Index (R.+ L.). 
64— | 67— | 70- | 73- | 76- | 79- | 82 | 85- | ss-| 91- | 94-| 97~ | 100-| 103-| 106-| 109—| 112-| 115— 
66 | 69 |. 72 | 75 | 78 | 81 | 84 | 87 | 90 | 93 | 96 | 99 | 102 | 105 | 108 | 111 | 114 | 117 | Totals 
Present'| — | 11 | 15-5] 26-5} 35 | 45:5) 62 (54-5 34 B04 ow ea a 5 2 2 1 376 
ee scute igin ieee tA A Cm Grae Steger co) 2h} ll py 
xs 
2 | 
Totals 1 | 12 | 15-5} 30-5) 39 | 48-5) 68 |65:5/ 39 | 38 | 23 |] 15 | 16] 4 0 2 2 1 427 
= Present | 3 3 |16 |22 | 37 | 36.) 42-5/23 | 19-5) 20 + LS ee 4 1 | —j]} 3 243 
nq Absent peel Pee 7 ho 6h FAPTO 75| 4:5) 8 EPia ele emanate) SEAtr eh” 64 
| 
Oo 
FY! Totals | 3 4 |}23 |28 | 44 | 46 | 50:5) 30-5) 24 | 28 9 6 4/ 3 4 Dea ho SOT 
These give for the means of the platymeric indices : 
: Males Females 
Facet Present ... 84:93 82°81 
Absent ... 86°88 83°28 


” 
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Thus in both cases the facet present is associated with the lower platymeric 
index, 2.e. with the greater platymery, just as it was associated with the lower 
pilastric index. The correlations here are, however, slightly less, being: 


Presence of Facet and high Platymeric Indew. 
For males —‘115+°053 and —:0381+4°054. 


To sum up a rather lengthy discussion which has been principally of a 
negative character: We have not found that the shape of the neck is intimately 
related with the presence of the facet, nor is its presence—as might be suggested 
from lower types of life—closely associated with the presence of a third trochanter, 
rather indeed with its absence. There is no consistent associative relation for both 
sexes with the hypotrochanteric fossa. The presence of the facet is slightly—not 
very significantly—associated with less pilastry and more platymery, which suggests, 
but nothing more, that the facet is connected with the more primitive bones and 
possibly with lower races and even types of life’. There is nothing in our results 
confirmatory of the view that it is essentially a product of habit or use. And 
were it due to use, then the type of use would have to vary with the numerous 
races in which it is found, and with the special category of facet occurring. It 
appears to us extremely unlikely that a prolongation facet and an excavation 
facet are really due to the same sources—only acting with greater intensity or on 
differently constituted bones. 

(vii) Charles’ Facet. Arthur Thomson in a paper of 1889° attributed facets 
developed on the anterior margin of the inferior articular surface of the tibia and 
on the neck of the astragalus, which come in contact with each other in extreme 
flexure of the foot on the leg to posture and use. He says that they are of rare 
occurrence in the higher races, and that the posture of squatting is habitual in the 
lower races. These facets, he concludes, are acquired, not transmitted. This 
conception of the influence of posture was taken up by Havelock Charles’ in 
1894. He refers to Poirier’s facet of the neck and draws attention to another 
articular facet on the inner side of the upper surface of the internal condyle of 
the femur. This facet we propose for brevity to term Charles’ Facet. He gives 
on p. 10 of his first memoir a figure of this facet, but the figure is by no means 


* The pilastric index is low for the anthropoids (gorilla c. 75, orang c. 78, chimpanzee c. 85, gibbon, 
ce. 97: see our Chapter vi.). The platymeric index is also low for the anthropoids (gorilla ¢. 81, orang ¢. 71, 
chimpanzee c. 83, gibbon c. 83). We have not had the opportunity of examining a large number of 
anthropoid femora, but we have found something akin to the y-type facet in gorilla and chimpanzee ; also 
we have found a similar facet in a large ¢ gorilla femur on the posterior face of the neck. The platymeric 
index is very low for Maori ( ¢ 64, 2 61) and Moriori ( ¢ 66, ? 64) according to Scott (Bibl. 62) and Mollison 
(Maori ¢ +9 62, Bibl. 100). Similarly Neolithic Swiss, Row Grave Swabians, Ainos, Fuegians, Pata- 
gonians and ancient Indians of South America have low platymeric indices or a high degree of platymery. 
Costa (see our p. 71) found the érochanter tertius in 35 out of 37 Fuegian femora and the hypotrochanteric 
fossa in every case. 

* Bibl. 49, particularly p. 632. ® Bibl. 66. 


PART I. THE FEMUR 105 


clear ; we presume the facet is the narrow area which appears between the articular 
surface of the inner condyle and the base of the bursa’. Havelock Charles asserts 
that such facets are acquired and that no influence of heredity has been proved. 
Resemblance of modern savage to prehistoric man in regard to them is due to the 
influence of common habits (p. 18). These habits are those of squatting—z.e. sitting 
with the knees together and the buttocks on the heels, with the soles of the feet 
flat—or of the sartorial position—+.e. knees apart, legs crossed and the soles of the 
feet in vertical planes. Charles illustrates his ideas from Panjabi femora. 

Unfortunately in the very same year, in a later page of the same volume of the 
journal’, Charles had to modify his standpoint. He found in a foetus of the eighth to 
ninth month and in an infant of three months of Panjabi race* the occurrence of the 
facet on the internal condyle of the femur. Thus use is not needful for the development 
of the facet. He therefore, without questioning his original opinion that the markings 
are due to use, to the effect of certain muscles acting on the joints, assumes the 
occurrence of the facet in the infant to be a valid illustration of the transmission 
of acquired characters. The facets on the tibia and astragalus which he had 
noted in the Panjabi having been found in neolithic European remains, but not 
in the modern western types (according to Havelock Charles), is a sign that use 
inheritance being acquired can be again modified. His acceptance of the accu- 
mulating influence of use on inheritance appears complete : 

Want of use would induce changes in form and size, and so gradually small differences would be 
integrated till there would be a total disappearance of the markings on the European’s skeleton, as 
no advantage would accrue to him from the possession of facets on his bones fitting them for postures 
not practised by him (p. 279). 

And again: 

The facets seen on the bones of the Panjabi infant or foetus have been transmitted to it by the 

accumulation of peculiarities gained by habit in the evolution of its racial type, in which an acquisition 


having become a permanent possession ‘profitable to the individual under its conditions of life” is 
transmitted as a useful inheritance (p. 279). : 


We must confess that in the light of present evidence this is a heavy super- 
structure to rear until the statements that the markings are due to the influence 
of certain positions, which are rendered possible by the use of particular groups of 
muscles, and that they are the definite results produced: by actions of those 
muscles‘ are established with less dogma and more demonstrative evidence. 
Unfortunately we find grave difhculty in the record of Charles’ facet, because 
we are not certain that what we are registering corresponds to the phenomenon 
observed by Havelock Charles. His diagrams seem to us far from clear and do 
not provide any measure of the quantitative extent of the marking which he 
would record as a facet. 

We have found the articular surface of the internal condyle on the trochlear 

1 Bursa mucosa supracondyloidea (interna) of Gruber (Bibl. 3 bis, S. 11 e¢ seg., Tafeln I—TIIT), better 


supracondylaris, which would also be more appropriate in the case of the tubercle: see our p. 86. 
= Biblio: 5 Loc, cit. Fig. 5, p. 277. 4 Loc. cit. pp. 279—280. 
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side of the superior surface to be prolonged towards the bursa almost invariably to 
a greater or lesser extent. To what extent must it be prolonged in order to be 
regarded as a Charles’ facet? Our Plates XXII, XXIX and XXX show well-marked 
instances of the prolongation of the articular surface right up to the floor of the 
bursa’; it is well marked in about 1°/, of bones’, and is very generally present at 
least to some slight degree. Under the circumstances we have considered it better 
not to record presence and absence of this facet until we have dry Panjabi femora 
available for full comparison with European bones. It is more frequent in Egyptian 
than in English bones, but its existence in the latter is hardly compatible with 
its being due to squatting, unless we extend the principle of the inheritance of 
acquired characters, and then it ceases to be possible to assert when acquirement 
by posture really begins. 

(vui) External Fossette of the Anterior Face. This anomaly has been 
especially recorded by Bello y Rodriguez’, and he lays considerable stress upon 
it as differentiating European from American (Indian) races. The phenomenon 
consists of a small fossa or trough running down the external side of the anterior 
face of the femur. We have noted its presence only, and then to merely some 
slight extent, in W. 667. It occurs more frequently in Egyptian bones; see 
our Plates XXXIV and XL and may appear in association with a crural trough: 
see Plate XLI. Rodriguez himself says that he has noted it only as a faint trace 
(a [état débauche) in four out of 56 French males and in no case among 16 
females. On the other hand it was nearly always present in the Cro-magnon 
femora, and in neolithic femora the following distribution was found : 


External Fossette of Anterior Face. 


Sex | Totals | Well-marked |} Moderate |‘‘al’état d’ébauche”| Absent | °/, Present 


} 153 2 8 20 123 19°6 
Q 71 0 9 NG 46 35:2 


Among the Polynesians Rodriguez found it six times fairly well marked and 
sixteen times feebly marked (58 °/,) in 38 femora. Among 48 Negro femora it did 
not occur once. Among 75 Peruvians in 29°/, of cases (although chiefly @ l'état 
d'ébauche) ; it was, however, more frequent and of more marked character among 
Californians, Patagonians and Bolivians. We have not been able to compare our 
English material in this respect with any other race than the Naqada. We are 
not aware of any groove of the anterior face customary in lower types of life with 
which this human anomaly of the femur may be compared. We have, however, 
noted something of the kind in the femur of a sloth, and & l'état d’ébauche, 
associated with a slight crural trough in the femur of a beaver. 


‘ The position of the facet makes it almost impossible to photograph it successfully. 
* Illustrations are W, 565, W. 579, W. 580, W. 379, W. 527, L.S. 43, ete, 2) MBible01: 
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(ix) Subtrochanteric Lateral Protrusion of the Anterior Face (“ Déviation 
supéro-externe de la face antérieure” of the French writers). We think this 
anomaly might well be spoken of as the platymeric protrusion. The phenomenon is 
a fairly frequent and marked one, although it appears to us to be associated in 
certain cases with diseased or feeble types of femora. This protrusion, looking 
at the bone from the anterior aspect, is indicated by a more or less marked bulge 
of the face to the lateral side in the subtrochanteric region. In the cases we 
have observed it is of one or other of two types. 

The one type appears to arise from a combination of three factors. In the 
first place there must be a more or less marked gluteal ridge or hypotrochanteric 
erista; in the second place there must be marked torsion of the linea aspera 
surmounted by this gluteal ridge, so that the whole appears to run round from 
the posterior to the lateral face of the bone; and, lastly, there must be marked 
platymery. It is as if the normal bone modelled in wax had been subjected to 
a heavy roller on the posterior face from its middle upwards, the gluteal ridge 
being bent over to the lateral face and marked platymery produced by one and 
the same operation: see our Plate XXXVIIL. 

Rodriguez speaks of this anomaly “qui est en fonction de la platymérie 
d'une part et de la torsion d’autre part?,’ but while the protrusion is in our 
experience generally associated with platymery, it is not associated with torsion 
in the ordinary sense. The most usual torsion of, say, the left femur is that of a 
right-handed screw about the shaft with its point proximal; such a screw motion 
would turn the gluteal ridge from the lateral towards the mesial side of the 
posterior face of the femur. The torsion, however, to which we refer is one that 
turns the gluteal ridge still further away from the mesial side towards and even 
on to the lateral face of the bone. It appears to us rather due to the retorsion 
or to a torsion of the gluteal ridge only, than to the torsion of the bone as a whole, 
which latter would have to be markedly negative to produce the effect observed. 

The second type of protrusion in the subtrochanteric region is associated with 
bones with marked fossa hypotrochanterica. If we suppose a normal bone without 
fossa to be modelled in wax and a die of the form of the hypotrochanteric fossa 
pressed on its posterior face, then the material would give way on the lateral side, 
the fossa being nearer to that side, and would appear as a subtrochanteric lateral 
protrusion. Of course this is no explanation of the origin of the protrusion, but 
is merely a description of the appearance. Such bones are also usually platymeric. 

Plates XXXVIII and XXXIX provide marked cases of subtrochanteric pro- 
trusion, L.S. 98, W. 109, W. 296 and W. 93. A slight case is L.S. 273, in which 
the protrusion is further down the shaft, and a second still slighter is W. 167, in 
which the phenomenon would hardly be noticed without handling the bone itself. 
The phenomenon is well marked in about 2°/, to 3°/, of English femora, and in 
slightly under half the cases is associated with a fossa hypotrochanterica rather 
than a crista hypotrochanterica, or third trochanteric ridge. Rodriguez, who has 


1 Loc. cit. p. 82. 
14—2 
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observed the anomaly in fairly extensive series, gives among others the following 
results? : 


Subtrochanteric Lateral Protrusion. 


Race Sex | Totals | Well-marked | Moderate | Feeble Absent °/, Present 
French 3 56 2 9 7 38 32°1 
£ °] 15 0 0 5 10 33°3 
Negroes + 48 7 12 12 17 64-6 
Berbers and Guanches| ¢+ 9 82 21 29 23 16 80°5 
Neolithic Bones 3 102 28 37 20 ke 83°3 
A 7 oi 49 14 17 13 5 89°8 


Rodriguez, without actual numbers, says that this lateral protrusion is well 
marked in Malays and Polynesians, and both well marked and frequent in South 
American Indians. , 

Here again without a definite standard it is almost impossible to compare 
the records of different observers. Our English well-marked cases are about 
equally frequent with Rodriguez's French cases. We should not, however, call 
it common in English femora, and its appreciation for the slight cases is subject to 
large personal equation. Rodriguez's numbers appear to indicate that it is far 
more frequent in primitive and prehistoric races. The atavistic interpretations we 
have been able to find lie in those flat protrusions identical with or surmounted by 
the third trochanter in types like the rabbit (see fig. (IV), Plate X XVII), or in the 
flattening of the base of the great trochanter so familiar in the femora of birds’. 

The reader of the preceding pages on the chief anomalies of the human femur 
will easily understand that we have not been impressed by any evidence provided 
by the writers cited that these anomalies are directly due to habit or use. Still 
less can we accept a good deal of the argument used in favour of the view that 
the pilaster, the trochanter tertius or the fossa hypotrochanterica are the product 
of muscular development’. It may be perfectly true that where these things exist 
in a marked degree there the musculature is often present in a marked degree 
also. But to assert that two factors are associated is not to demonstrate the 
antecedence of either of them, and to state that the pilaster serves as a surface 
of insertion for the crural muscle is not to demonstrate that the pilaster is 
developed by developing crural musculature. We are aware that many first-class 
authorities express views that seem closely allied to the actual production in the: 
individual of a third trochanter by a developing gluteus maximus or of a pilaster 


‘ Bibl. 101, see pp. 52, 58, 70 and 88. 

* Tt is said to occur in the six Cro-magnon femora. 
* See Note at the end of this chapter, p. 113. 

4 We have found the /ossa in several foetal femora. 
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by the crural muscle’. But we venture to doubt whether the proof is any more 
valid than the proof that facets are due to habits of posture. 

(x) Influence of Use on Bone Form, based on pathological Cases. A more 
valid attempt at proof had been provided in 1900 by Paul-Boncour’. He com- 
pared femoral measurements on the sound and the sick side in the case of six 
to eight skeletons of individuals from the great Bicétre Hospital, who had suffered 
from infantile hemiplegia. The conception of method is suggestive, but the material 
is really too slender to serve as a basis for adequate conclusions. 

Taking lengths, Paul-Boncour finds excess on the sick side for maximum 
length and maximum trochanteric length. Analysed, he has six cases only; in 
two the maximum lengths are equal, and in the other four the excess of the sick 
side only reaches in one case 1mm. In the case of the maximum trochanteric 
length four sick bones are in excess, two in defect. The differences do not appear 
to us beyond those which frequently occur with healthy R. and L. bones; our 
author does not state the side of the sick and sound bones. If we take maximum 
oblique length, the sick side has excess in three cases, defect in two cases and 
equality with the sound in one case. If we take the oblique trochanteric 
length—on which the author lays considerable stress as uninfluenced by angle 
of neck and shaft—the sick side is less in four cases and greater, although 
by less difference, in two cases. There appears in this material no evidence to 
show that use had to any sensible extent modified the absolute size of the bone. 
The bones were next weighed, and here the first completely accordant result was 
obtained ; in every case the bone on the paralysed side showed the less weight’. 
Paul-Boncour now passes to the neck. He found the capito-collar length less in all 
cases but one on the sick side, but in this case the difference was the greatest observed. 
He accounts for this excess by the existence of an exostosis on the neck of the sound 
femur. In height of neck the sound femur was 1 mm. to the good in seven cases 
and 2mm. in the remaining case; in breadth of neck the sick were in excess in 
two cases, in defect in one case and in three cases there was equality. The 
only certain and noteworthy differences thus appear to us to occur in the capito- 
collar length—a length which it is by no means easy to measure effectively and 
the appreciation of which may well depend on the cervical or collar angle. In 
Paul-Boncour’s Chapter VI this collar angle is considered for six skeletons: 


Collar Angle. 


Skeleton ... Se A B Cc D E F Mean 
Sound Limb ... ihillsye T32s 129° 122; 124° 123° 124°*2 
Sick Limb...... L238 ae 1325 134° 130° L233 130°:8 


1 See inter alios Manouvrier, Bibl. 57, Antony and Rivet, Bibl. 97, p. 256 et seq. 
® Bibl, 84. 5 Loc. cit. p. 364. 
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Now for adults Rodet* has given the French mean as 130°, Charpy’ 127° 
for gs and 128° for 9s, while Rodriguez* gives 125° for gs and 128° for ?s and 
Evangeli-Tramond* 124° for gs and 128° for 9s. For children under ten years 
Charpy found the mean collar angle to be 129° (32 cases). The great divergencies 
of these results depend partly on small numbers and partly on differences of method : 
see our p. 117. 

Now it will be seen that the sick limb on the average has a mean collar angle 
agreeing fairly well with that of childhood, while the sound limb gives a value 
corresponding to the minimum average value observed for the French male adult. 
Paul-Boncour attributes the difference to habitually greater pressure exerted on the 
sound side; that the sound bones of some individuals have greater collar angles 
than the sick bones of other individuals he attributes to greater activity and muscu- 
larity in those cases. He is not, however, wholly consistent in his reasoning, for 
while he supposes the angle on the sick side to be that of childhood, he writes’: 


En tout cas mes observations permettent d’affirmer que les différences entre l’angle cervico- 
diaphysaire d’un enfant et celui d’un adult sont de beaucoup supérieurs 4 2°, chiffre généralement adopté. 


But if this were so, why should he appeal to the more than usual pressure, 
muscular action and exercise to which the sound limb in the paralysed is sub- 
jected, as explanatory of the difference between the sound and sick limbs? The 
standard deviation of the collar angle is about 5° to 6°; hence the probable 
error of a mean based on six cases is about 1°5°, and it therefore would not be 
possible to assert that the difference found between two means, based on six 
cases each, has less than 2°1° for its probable error. Thus the observed difference 
of 6°6° may very well correspond to the 2° to 3° between infant and adult 
recognised by Humphry* and others to exist. In other words, the sick limb 
may not have altered to the usual extent during growth; there is not sufficient 
evidence to show that it has altered more, and to argue from this as to greater 
use producing greater changes. We do not feel that the data are adequate to 
do more than confirm the check to ordinary growth; they do not suffice to prove 
mechanical action modifying the sound limb. 

In the same manner and on equally slender material Paul-Boncour shows 
that (i) with one exception out of six cases the vertical and horizontal diameters 
of the head are smaller on the sick side; (ii) the pilastrie index is smaller on the 
sick side, eight cases no exception; (ili) with one exception the obliquity of shaft 
is less on the sound side; (iv) that in six out of eight cases’ the platymeric index 
is greater on the sound side; (v) the distribution of popliteal indices is equally 
balanced, but while mn is > mp (see Diagrams B and C, of our Plates II and IIT) 
in all the sound bones, it is less in two of the sick bones and in one of the six 


1 Bibl. 3. 2 Bibl. 36. * Bibl. 101, p. 47. 

* Bibl. 65, pp. 82—5. 5 Loc, cit. p. 379. 6 Bibl. 45. 

7 Case C appears to be erroneously determined for the values given: antero-posterior diameter 24, 
transverse 28 provide a platymeric index of 85-7 not 116°6 as recorded. 
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bones mn = mp. Paul-Boncour draws attention to the resemblance of his femora 
in these cases to that of Pithecanthropus erectus; but while his popliteal indices 
in these cases are 77°5 and 71°8, that of Pithecanthropus is said to be 97°0. 
His cases correspond much more closely to the pathological cases cited by 
Manouvrier in dealing with this subject’. 

Paul-Boncour interprets (ii) to signify that the pilaster is developed by 
exercise, but it might equally well result from a check to growth in certain 
directions, which would account again for (i). Until the actual values of the 
pilastric and platymeric indices in childhood are better known, it seems impossible 
to draw any definite conclusions as to the mechanical influence of use on the femur 
from Paul-Boncour’s data. Before Paul-Boncour, Regnault in 1897 (rediscussion in 
1901)? had endeavoured to illustrate by pathological cases how use could produce 
differentiation in the two femora. Thus he cited Humphry and Charpy to prove 
that the collar angle can only be altered during growth, and he cited pathological 
states to show how weight thrown on one limb during growth leads to the used 
member having a reduced angle. 

There is another point of present interest to us in Regnault’s memoir. 
Referring to the facets of the femur, he defined two types of Poirier’s facet 
which appear to agree with our a and y*. He stated that in 30 prehistoric 
femora from Coppiéres he found the facet absent in six cases only, that in 
eleven cases it was represented by the rough area, and presumably in the remaining 
cases by the prolongation. If we remember that his sexes are mixed we must 
turn for comparison to our table on p. 93 and calculate out the percentages in 
the row of totals. 


Recent British (g + 2) Prehistoric from Coppiéres 
Facet Absent ae hs wes aoe To"). 15-4 °/, 
Ordinary Facet (y+ By) ... : rae 25-4 qe 28:2 °/, 
Prolongation Facet (after Bec) i ; ce se Ore” 


Our Prolongation Facet (08 +7 +) ae a | 59-0°/ 

Our Excavation Facet 6 . 3 °h © 
We are not able to justify fully this comparison of our a and B types with 
Regnault’s first or prolongation type, but these rough data as far as they are com- 
parable do not show any markedly greater frequency of Poirier’s facet in prehistoric 
man. The equality of absence of the facet in late and primitive man is, as far as 
it goes, evidence against the squatting habit having conduced to its production, and 
indeed of any local habit because these have changed so immensely. Regnault 
himself cites the appearance of Poirier’s facet in modern white races as evidence 
against “squatting” as its cause. But he appears still to credit the facet and also 
the actual value of the collar angle with being influenced by use. He states, 

1 Bibl. 68. 2 See Bibl. 73 and 88. 

’ Bibl. 73, p. 536: (i) “l’empreinte iliaque offre une surface lisse polie analogue 4 celle qui recouvre 
la téte femorale”; and (ii) “souvent l’empreinte au lieu d’un surface articulaire lisse n’offre qu’une surface 
rugueuse et élevée par rapport a la surface du col. De sorte que dans ces cas on peut douter s'il existe 
une empreinte iliaque.” 
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however, that it depends not only on use, but also on the form of the 
acetabulum’ : 
outre l’amplitudes des mouvements il faut tenir compte de la forme de la cavité cotyloide. Les 


frottements de la téte dans la cavité differont suivant la profondeur de cette cavité et aussi suivant 
la forme du bourrelet cotyloidien’. 


Regnault illustrates on fractured acetabula that the head may have the 
articular surface extended so that it is almost ellipsoidal rather than spherical, 
when the acetabulum has been elongated by the fracture. He refers to similar 
results under arthritic conditions, for when the arthritic growth is on the border 
of the acetabulum there may result an articular surface extending over the whole 
neck. Also extra capsular fractures may consolidate and extend the articular 
surface down the neck almost to the trochanteric ridge. Regnault asserts that 
in all skeletons in which the facet exists there is a corresponding accentuation 
of the iliac spine. He applies the same argument to the facet on the superior 
face of the internal condyle. He states that its existence in Europeans’ shows 
that the extreme flexure of squatting cannot be its sole source, and he claims 
that the shape of the condyle itself plays also a réle. 

Now we have to note that Poirier’s facet in one form or another appears in 
84°/, to 85°/, of English femora, hence the anomaly to be explained is not really 
the presence but the absence of the facet; the accentuation of the iliac spine 
must, if it is to account for the facet, be the rule not the anomaly. 

The explanation of Regnault therefore amounts to the statement that the 
human femora develops normally owing to its having a normal iliac spine. The 
main problem therefore turns on how far a normal bone develops owing to self- 
controlling determinants or owing to its juxtaposition to other bones. It is the 
same big and probably insoluble problem as arises when we attempt to argue 
that great muscularity “causes” massive ridges or trochanters, or is a source of 
the pilaster. Both must coexist for efficiency, but to determine their relative 
priority seems a vague and possibly idle investigation. Would any satisfaction 
arise from the statement that the shape of the articular surface of the femoral 
head of the rabbit or armadillo is “due to” the shape of the acetabulum? Would 
it not be equally valid to attribute the acetabulum to the femoral head or still 
wiser to assert that both had developed in association because the extension of the 
articular surface served a definite purpose in the organism? If a prolongation 

1 Bibl. 73, p. 537. 

? Tramond had already stated that anthropoids having a shallow acetabulum do not show the facet. 
This is nearly if not wholly in accordance with our experience. 

’ Regnault writes: “Il faut, il est vrai, noter que chez eux [ Europeans] la facette est généralement 
séparée du condyle par une ligne saillante. Dans les dissections que j’ai pu faire 4 |’Kcole pratique de 
sujets ou cette facette existait, j’ai remarqué que l’insertion du muscle jumeau interne était reportée 
au-dessus.” Bibl. 73, p. 541. It is very desirable that drawings or photographs of Charles’ facet showing 
its relation to the floor of Gruber’s bursa and the insertion of MW. gastrocnemius should be provided. 


We have only found Charles’ facet as a prolongation of the articular surface towards and apparently 
onto the floor of Gruber’s bursa. 
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facet in man be “due” to the shape of the acetabulum, how much is characteristic 
of the species, 7.e. due to the hereditary determinants, how much to the shape 
of the acetabulum in the racially characteristic prolonged articular surface of the 
armadillo or of the screamer ? 

Shortly, we do not feel that at present there is any conclusive evidence to 
demonstrate a relation of the so-called anomalies of the femur either to posture or 
to exercise. The problem of origin is in our opinion simply a phase of the wider 
problem of associated growth, and we can conceive an enthusiastic Mendelian 
treating fossae, facets and third trochanters as Mendelian units and_ experi- 
menting on their heredity. Except for their continuity of variation, we should 
raise less logical objection to his treatment than we do to the attitude of the 
posturists. 


Norse to Page 108. On the Platymeric or Subtrochanteric Lateral Protrusion. It is by no means 
easy and very possibly unnecessary to differentiate lateral protrusion in the subtrochanteric region from 
a lateral flattening of the base and mid-portion of the great trochanter. This is especially the case in the 
femora of birds. The protrusion is marked in the shag, awl parrot and Spheniscus demersus, but in one 
form or another may be found in wild duck, king-vulture, capercailzie, Chawna derbiana and many other 
birds. It is marked in the Apteryx mantelli, specially characteristic of Hchidna and takes a quite peculiar 
form in Ornithorhynchus. It will be found in the femur of Aelurodon saevus, one of the Miocene Canidae 
figured by Cope in Plate CXIX of his Tertiary Mammalia and Permian Vertebrata (New York, 1916). 
Our Plate XLV indicates its occurrence in Hylobates lar. We are therefore inclined to describe its 
appearance in man as an atavism, although we are not prepared to assert that such atavisms are not 
_ frequently associated with pathological or at least physically inferior femora. 


CHAPTER IV 


THE TYPE OF THE ENGLISH FEMUR, ITS COMPARISON WITH THOSE OF OTHER 
RACES, AND THE INFLUENCES OF SIDE AND SEX 


(i) Type of the English Femur. 


The mean values with their probable errors for 29 length characters, 8 angles, 
and 33 indices for right and left femora in male and female, are given in our 
Tables I and II below. These specify fairly fully the character of the English 
femur and form the material on which comparisons and conclusions of this chapter 
are chiefly based. We shall discuss in another chapter the individual characters. 
All we need say here is that we have been led to determine rather more characters 
than seemed to us requisite, because in many cases previous writers have made 
selections differing from each other and it is only by catholicity that comparison 
is at all possible’. 

Nevertheless we have still to note the extremely dJlusory character of com- 
parative measurements as far as racial data at present exists. 

When we approach the means of absolute measurements fixing the racial type 
of the femur, it might be supposed that we were reaching safe ground for com- 
parative purposes, but this, alas! is very far from the case. The three fundamental 
sources of difficulty arise from : 

(a) Absence of any universally accepted and therefore standardised methods 

of measurement. 

Many writers not only give a narrow list of measurements, but often do not 
state definitely what they have measured and how it has been measured. They 
will record that they have taken ‘the length of the femur,” and only in the 
course of laborious comparative analysis, or by an indirect allusion, does one 
become convinced that they have taken the oblique length with a Broca osteo- 
meter. Or, they will merely record “the trochanteric length” without realising 
that it may be measured in at least three different manners. In other measure- 
ments no comparison is possible owing to variety of method in taking what is 
only nominally the same measurement. Thus in taking the platymeric antero- 
posterior diameter one takes it where it is least, another selects the platymeric 


* How extreme are the difficulties may be judged from the fact that we could not in a number 
of cases determine how the authors had dealt with cases of negative torsion, whether in forming the 
mean they had taken it with or without regard to sign. We were thus compelled to form two 
means, the first with and the second without regard to sign. 
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section at the root of the great trochanter, a third includes the gluteal ridge, while 
a fourth avoids it. As for the angle of torsion, the methods for determining it are 
as varied as the recorders, and it is almost impossible to lay any stress on racial 
differences. The same applies largely to the cervical or collar angle, where method 
of determination is practically all important’, and where only too often no precise 
description is given of the method actually adopted. A long study of the corre- 
lation of the parts of the human skeleton has convinced us that it is far more 


1 We feel the less hesitation in emphasising this point because we have had considerable and 
bitter experience in the matter. We measured the collar angle in 800 femora in Dr Warren’s 
manner (Bibl. 77, p. 157) by determining the coaxial point by appreciation on anterior and posterior 
surfaces, then taking the mean of these two capito-collar lengths and of the two shaft lengths, 
reconstructing the triangle COD (see our Plate I) and measuring by the protractor the angle (DO 
or the cervical angle. This meant days and days of laborious work. The results were: 


Collar Angle, English Femora (Warren’s Method). 


Male Female 


ad 
cs 


120°-25 +27 | 121°:04 + -27 | 120°:52 + -36 | 120°:36+-31 


to be compared with Warren’s Naqada results : 
| Male (R. +L.) 124°-26 + 56. Female (R. + L.) 126°-82 + -44. 


Thus we found no significant, R. or L., 5 or 9 differences in the English collar angle. Warren 
found the female significantly greater than the male, and our English value is significantly and 
markedly less than the Naqada value. We were, however, greatly discontented with this result. We 
believed that the appreciation of D was largely subject to personal equation and that the measurement 
of OD and CD on the surfaces of the bone led to an exaggeration of these lengths and so to a 
reduction in the value of the collar angle. We accordingly adopted the method of orientating the 
‘bone and drawing the needful portions of its projection as indicated on our page 20. This again 
meant a most laborious remeasurement of 800 bones. The results were : 


Collar Angle, English Femora (Projection Method). 


Male Female 


R. | Th R. | i, 


130°-40 + 30 131°-47 + :29 | 129°°39 + °37 | 130°:28 + °37 


It will be seen that the change of method has greatly altered our angles, indeed by an amount quite 
above the order of racial differences. We now conclude that the capito-collar axis is in all probability 
more nearly horizontal in the female than in the male and in the right bone than in the left. What 
shall we say about the relative collar angle in Egyptian and English femora? It is probably less 
in the English, because it was so when measured in both races in the same way. But our recorded 
values in Tables ITV and V show it to be greater! How can we therefore lay any great emphasis on 
racial differences, where the recorders very often do not state with any degree of definiteness how 
their collar angles have been determined? The case illustrated here is only a single instance out 
of a number where we have discarded a long and laborious system of measurements in favour of 
what appeared to us a better procedure although it involved hundreds of new measurements and 
the recalculation of many constants. 
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essential for progress that authors should measure the same characters in precisely 
the same manner, than that they should endeavour to reach what they hold to 
be anatomically more homogeneous characters, or anatomically better defined 
“points.” For this reason we have in our measurements endeavoured to embrace 
(with one or two exceptions’) all those of previous serious investigators, and not 
until this had been done did we feel warranted in adding a few additional 
measurements of our own and a variety of new indices. This leads us to our 
second source of difficulty : 


(b) Selection by osteometricians of a few characters only to be measured, 
and those covering only in part the selection of earlier workers in the 


same field. 

Racial differences may exist of a marked kind just outside this range of 
selected characters, and the paucity of characters studied is a grave charge, 
especially against the earlier English writers in this field. Flower and Garson 
seem to have believed that the mere statement of the length of the femur would 
be of some service for racial differentiation’, and a mere superficial examination 
of our Tables IV and V indicates how on this ground alone the great bulk of 
racial inferences from femoralogical studies are at present of the most doubtful 
nature. Even in the few common characters which may be provided for two 
races we are certain to find several like the collar angle, the angle of torsion 
or the platymeric index, where we can only seriously doubt whether resemblance 
or diversity may not be a random result of personal equation, or of the adoption 
of non-standardised methods. A grave burden falls upon the anthropologist who 
desires to use femoralogical studies for interracial investigations owing to the fact 
that many osteometricians who have really made the requisite measurements have 
not even troubled to calculate the corresponding indices. They must either be 
obtained from mean values, or an elaborate system of calculations must be under- 
taken before any comparative work can be done. 


(c) Paucity of the numbers uth which many authorities have thought xt 
worth while to deal. 


No criticism is raised here of the usefulness of measuring fully even a single 
bone, but criticism is made of the futility of dealing with such measurements as if any 
biometric inferences were permissible from them. Much of the deduction of idle 
inferences from really insignificant differentia would be a priori recognised as 
futile, if it were considered in the case of every osteometric memoir absolutely 
essential to provide the probable errors of the means stated. It is perfectly true 
that personal equation and differential methods of measurement lead to divergences 
which are often of a far higher order than the probable errors, but the latter in 
the case of two groups measured by a single individual would warn the investigator 


1 For example: the “upper width” of the femur and the “girth of the pilastric section,’ which 
we carefully considered before rejection. 
2 Bibl. 24, 32 and 38. 
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how idle may be the inferences as to sex or side in the case of small numbers. For 
example in the long memoir of Lehmann-Nitsche' on the Row-Grave long bones of 
Bavaria, extending to nearly a hundred pages, we find in no case more than fourteen 
femora of one side or one sex measured, and often the means given for three, four or 
five individuals. In no instance is a probable error provided. Thus for the pilastric 
index a mean of fourteen cases would have a probable error approaching two units 
and a ditference of five units in the pilastric indices given would not necessarily 
be of any significance. Yet on such differences conclusions are drawn as to race, 
sex and side differentiation with entire disregard of the values of the probable 
errors of the means tabulated. In many such instances the probable errors would 
have indicated that no conclusions as to sex or racial distinctions could be safely 
based on such paucity of material. 

But comparative femoralogical study does not only meet with the above 
difficulties. Certain writers’ views as to indices seem distinctly peculiar. The 
index is frequently tabled to the first decimal calculated, whatever the second 
decimal place may contain, and thus at times very considerable errors may arise 
in the recorded means. Not infrequently also the means are wrongly calculated 
on the author’s own record of measurements. Thus one authority gives the platy- 
meric index of modern British as 81°8, whereas the actual value on his own 
numbers appears to be 84°6—a result insignificantly different from our own 
measurements, although had we taken his own figures we should have been com- 
pelled to assert a marked difference in this character. The best of us is bound to 
make arithmetical errors in a long and elaborate inquiry. But all the same we 
must confess that a wide study of osteometric publications has left us with the 
impression that too many investigators overlook the fact that computing demands 
somewhat more training than is acquired by school arithmetic, and above all 
a healthy sense of responsibility. We have not been able to verify in full the 
calculations of previous writers, but our partial investigations lead us to the un- 
comfortable feeling that not only probable errors of random sampling, that not only 
personal equation, but even errors of arithmetic may account for the divergences 
which appear to be of marked racial significance in our Tables IV and V’. 

TPBibl 69! 

® As an illustration of the point let us consider the case of the platymeric index. Here Hepburn 
follows Manouvrier closely, but forgets in determining his index to raise if needful the last decimal 
place kept. This alone would lower his mean value. For example an index of 81:18 would appear 
tabled as 81:1 and not 81:2. Beyond this, however, his mean seems seriously in error. Parsons 
apparently drops Manouvrier’s instruction to take the point of minimum antero-posterior diameter as 
basis of the platymeric section, and measures “just below the lower trochanter.” His measurements 
are therefore incomparable. He avoids the gluteal ridge. On the other hand Bumiiller appears to 
have included it, for he writes (Bibl. 81, 8. 46): “ Doch muss bemerkt werden, dass die Halfte der 
stenomeren femora den Index 100 haben, also einen neutralen Grenzwert darstellen oder nur durch 
hohe crista hypotrochanterica diesen Index erlangt haben.” Probably his desire to raise the limit of 
platymery to 85 must be associated with his inclusion of the gluteal ridge. Koganei takes his 


platymeric section 3 cm. below the root of small trochanter, and we might indefinitely extend the 
vagaries of the individual observer in the case of this one character ! 
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In our Tables IV and V we have supplied—always in brackets—certain 
indices by giving not the mean index but the index formed by the ratio of the 
means: of the characters under discussion. We could not take upon ourselves 
beyond the heavy task involved in our own index calculations, the additional 
duty of calculating other investigators’ indices even when, which is far from the 
rule, they have given the necessary data. But we can provide some evidence of 
the amount of error introduced when we replace the mean index by the index 
of the means. The full theory for obtaining the mean index from the index 
of the means has been given by one of us in a paper of 1896. It is there 
shown that the corrective terms involve the coefficients of variation of the 
characters whose ratio is taken. But these corrective terms are usually small. 
A more important source of difference—unless we are dealing with very large 
numbers—arises from the fact that we include in the mean of each absolute 
character, individuals for which there is no possibility of measuring the paired 
character. For example, in our data the popliteal width could be measured in 182 
female bones of the right side, the mean popliteal width is therefore based on 182 cases. 
But owing to damage to the epicondyles the number of bicondylar widths available 
is much reduced and the index popliteal width/bicondylar width could only be 
found for 99 right female bones. Thus the index of the means is found from 
a very different series of bones to the mean index’. 

We, of course, used our index of means only as a general method of veri- 
fying our mean indices. But in a few cases where the divergence was greater 
than what seemed permissible owing to the different bones included in the two 
methods, we calculated the second order terms from our coefficients of variation’, 
and this produced a marked agreement indicating that our arithmetic was not in 
error, and that the non-identity of bones was not of importance. 

We can, we hold, for series of 100 cases and upwards‘, assert on the basis 
of the results recorded in Table III that the mean index may within the limits 
of the probable errors of random sampling be replaced by the index of the means, 
where the former has not been calculated, and that it is legitimate to use this 
value with due caution for comparison with the true index of the means found for 
other races, Anyhow the index of the means serves as an effective test of general 
arithmetical accuracy in a long series of calculations. 


* R.S. Proc. Vol. tx, pp. 489—498. 

° Another good illustration is the index capito-collar length/bicondylar width; only 105 cases 
were available for the index in left female bones, but the mean capito-collar length was taken on 
182 cases. 

® Such values are given in brackets in Table IIIT under index of means columns. Of course the 
fact that in tabling the two characters and their index arbitrary units of grouping are used, also 
affects to some extent the relation between mean index and index of means. 

* Of course this conclusion is incorrect when mean indices are based on the means of very small 
series. Illustrations of this occur in Tables IV and V. 
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(ii) Comparison of our London Femoral Measurements with other 
British Series. 


Our first consideration will be the comparison of our London femora with the 
measurements of other British femora, but here, alas! there is very little material 
available, and what exists is not very suitable for the purpose. We take first 
Hepburn’s forty odd British femora; they are modern and probably chiefly 
Lowlands Scottish. The only length he has taken is the oblique length, and he 
includes in his means two or three women and one or two unsexed bones. But 
his Oblique Length (R. and L.) = 456°8 compared with our ¢ R. 444-4, ¢ L. 445°5, 
and his Bicondylar Width 83:0 compared with our $ R. 80:1, ¢ L. 79°4, show 
that he is dealing with a bigger boned race than our seventeenth century 
Londoners. Further his Bicondylar Ratio (J,,,), 18°2 against our ¢ R. 17°9, 
g L. 17°7, suggests that for the distal epiphysis his femur is relatively more massive, 
although the value from his data of the index of robusticity’, 12°5, is somewhat less 
than ours, f R. 12°97, g L. 12°72, as well as his index of robusticity of the head’, 
ve. 20°8, as against our ¢ R. 21:07, ¢ L. 20:98. Perhaps it would be best to 
state that his bone is certainly larger, but if anything is very slightly less robust. 

In the platymeric region Hepburn and we have followed closely Manouvrier’s 
instructions, and the accordance of our results is very great: 


Hepburn (R.+1L.)} Our ¢ R. Our oL. 


Platymeric A.P. Diameter... 26°5 26:8 26°6 
* Trans. i re 31°6 ey 31°5 
Py Index ne a. 84°65 85:3 85-1 


This certainly inspires confidence in Manouvrier’s method and indicates that 
platymery has not changed in modern British bones from its seventeenth century 
value. 

In the pilastric region Hepburn’s antero-posterior diameter is very slightly 
greater than ours and his transverse diameter less: 


Hepburn (R.+L.)} Our ¢ R. Our o L. 


Pilastric A.P. Diameter - 5, 29-7 29°5 28-7 
nS Trans. + ee 27-2 28:0 28:0 
ie Index ... nee wis 109-4 105°8 103°1 


‘ Sum of pilastric diameters/oblique length. 


* Sum of capital diameters/oblique length. Hepburn measures only a single diameter, which 
we have here doubled. 


* We believe erroneously given by Hepburn as 81:8, Bibl. 71, p. 155. 
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It would thus seem that Hepburn’s bones are more gracile in the pilastric 
region, the higher pilastric index arising from a smaller transverse diameter and 
not from a very much greater pilaster. This is further confirmed by the Indices 
of Gracility and the Soffit Index, z.e. L,;, I), and I,,,, which give the results stated 
in the table below. The shaft has, in fact, become more transversely uniform and 
less in proportion to the epiphysial dimensions. 


Hepburn 


Index (R. +L.) 


Our ¢ R.| Our g L. 


Index of Upper Gracility = Pilastric Trans. Diam./Platymeric Trans. Diam. | 86:1 88°8 SS 
Index of Lower Gracility = Pilastric Trans. Diam. /Popliteal Width tea | (66°38 70-7 71:3 
Soffit Index = Popliteal Width/Bicondylar Width ... Se oa aio [ASD 49:9 50-1 


We may note that the relations of head to length and of head to bicondylar 
width have remained much the same, and there is no evidence that the bicondylar 
width has developed relatively to the head. 


Index eat) Our ¢ R. |} Our ¢ L. 
Capito-Bicondylar Index = Diameter of Head/Bicondylar Width 58:8 58°8 59:2 
Capital Ratio= Diameter of Head/Maximum Length ... ag 10-4? 10°5 10°5 
Bicondylar Ratio= Bicondylar Width /Maximum Length sch 18-2? 17-9 Ny Ge 


In the popliteal region Hepburn takes, as we have taken, the 4cm. rule. 
He also measures the popliteal length. He considered the vertical length of the 
popliteal surface to be from the posterior surface of the external condyle to a 
point where “the margins of the linea aspera were diverging from each other’.” 
We have taken it from the centre of the popliteal border of the fossa «inter- 
condyloidea to the point at which the margins of the linea aspera could not be 
distinguished from each other. We find that at the upper part of the popliteal 
area the lips of the linea aspera may well be parallel, i.e. not diverging from 
each other, for a considerable distance before it is possible to say that the popliteal 
area has ceased to be. On both these counts our popliteal length will be sub- 
stantially greater than Hepburn’s. In our case the average popliteal length is 
very closely one-third of the shaft length, and it is thus strikingly accurate to 
speak of the popliteal area as the distal third of the shaft. Hepburn’s average 
(R. + L.) for the popliteal length is 100°1, while our values are ¢ R. 121°1, 
3 L. 122°4, and accordingly this measurement is not comparable in the two series. 
Hepburn’s popliteal section is generally larger than ours, but his antero-posterior 

1 These are obtained by using Hepburn’s oblique length; corrected for maximum length we 


think they should be 10:3 and 18-0 respectively. 
2 Bibl. 71, p. 123. 
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diameter is 14°/, while his transverse diameter is only 3°/, larger than ours. 
Thus it results that his popliteal index (R. + L.) is 78°2 against our ¢ R. 70°7,  L. 71:0, 
differing very widely from ours. In the same way our indices for skewness of 
the popliteal section—Manouvrier’s mp/mn—difter very considerably, 2.e. Hepburn 
(R.+1L.) 97:4 against our ¢ R. 90°9, ¢ L. 91:0. We cannot believe that these 
ficures denote an essential difference of a very marked nature between the popliteal 
surfaces of the modern and seventeenth century British. The larger absolute 
values are such as would arise if Hepburn’s popliteal section had been relatively 
lower than ours. In this case the popliteal width would be greater, and notwith- 
standing the usually increased concavity mp is relatively more increased as p the 
midpoint of the popliteal surface at the section is moved further from m; indeed, 
with the actual positions of m, n and p in most bones, mn and mp tend to 
become equal as we get relatively lower in the popliteal surface. Thus the 
divergence between Hepburn and ourselves would be more or less accounted for 
if his section were relatively lower. But this it must be, because we both took 
Manouvyrier’s 4cm. from the highest point of the patellar border, and his bones 
are sensibly longer than ours. This divergence, it seems to us, will always arise 
if the 4cm. section be taken. We believe it would be better to take the popliteal 
section at one-tenth of the diaphysial length. This is what we have done with 
our foetal and child femora, where it was impossible to preserve the 4cm. rule. 
Practically the tape is taken from zero at the highest point of the patellar border 
to the point where the antero-trochanteric line meets the anterior border of the 
upper surface of the neck, and the popliteal section is marked at the same number 
of mms. on the tape as the latter point reads cms. We wish we had adopted this 
method throughout, but without a new measurement of Hepburn’s femora also no 
comparison would still have been feasible. As the few measurements hitherto 
made on the popliteal section have been at 4cm., it seemed idle to adopt a new 
rule until it has some more or less universal acceptance. 

Our general conclusions from a comparison of Hepburn’s and our data would 
be that the modern British femur differs from that of the seventeenth-century 
Londoner in being a larger but at the same time a more gracile bone; the practical 
equality of the indices: Diameter of Head of Femur/Maximum Length, and 
Bicondylar Width/Maximum Length indicates that the apparently larger distal 
and proximal epiphyses in the case of the modern British are only in accord with 
general increase in the size of the bone. If we could suppose Hepburn’s modern 
British and our Londoners to belong to the same race, then we must assert 
a sensible evolution which has carried the British femur even in historic times 
further from the gorilloid type or indeed further from Homo mousteriensis (Hauser). 

We now turn to a comparison of Parsons’ Rothwell material. Here the 
sexes and sides are separated and the material is far more extensive than 
Hepburn’s. But the attempt at comparison is most disheartening, for in the great 
bulk of cases Parsons has paid no attention to what measurements his predecessors 
have taken and, adopting an individual line of his own, has rendered all comparison 
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impossible. In many cases the measurements he has chosen have been more or less 
standardised by a long series of French or German investigators. Parsons has either 
not studied their papers, or else has considered his own methods of measurement 
so superior that all later investigators would willingly adopt them. It is necessary 
to remark that it needs the influence of great authority to alter an accepted 
method of measurement, for it involves the scrapping of immense quantities of 
earlier work. 

To begin with Parsons takes his centre of the head “in the upper and front 
part of the fovea capitis.” This is not the usual centre of the head. Hence his 
collar angle is not comparable with that of other authors. He writes, “I am not 
quite clear how this angle has been taken by other writers’”; but surely it was 
possible to examine their works. His individual choice of the centre of the head 
makes his collar angle considerably too small; it may well in reality have the same 
value as ours. Not only this end but the other end of his capito-collar axis dis- 
agrees with ours, and thus no comparison is possible. His torsional angle, for reasons 
given on our pp. 27—28, is also a non-comparable quantity. His obliquity of shaft 
is roughly in agreement with ours, but does not show the marked differentiation of 
side which ours indicates. Turning to the platymeric measurements Parsons has 
disregarded Manouvrier’s rule to find the minimum antero-posterior diameter first 
and measure the transverse diameter where this is found. He takes “the antero- 
posterior width of the shaft just below the lesser trochanter” and “the transverse 
width of the shaft at the same place’.” Parsons’ platymeric section is thus often 
2 cm. above Manouvrier’s section of the minimum antero-posterior diameter, and 
his platymeric measurements, including the index, are quite incomparable with 
either Hepburn’s or ours. In the pilastric region he has again worked individually. 
He has measured the minimum transverse diameter of the shaft wherever found, 
and not necessarily the transverse diameter in the same horizontal plane as the 
pilastric antero-posterior diameter. He states that this “least transverse diameter 
if usually about the middle of the shaft” may be “as low as the junction of the 
middle and lower thirds,” 7.e. about the apex of the popliteal surface. Hence 
the pilastric index found from Parsons’ data is really incomparable with either 
our or other writers’ values, and the only homologous result is the absolute size 
of the pilastric diameter. This with Parsons’ rough means is in excess of the values 
found by Hepburn and by us, but is almost exactly in accord with a proportional 
increase in our antero-posterior diameter due to increased length of femur as a 
whole. There is accordingly nothing to be learnt from a comparison of our 
pilastric data. Parsons has no measurements of the popliteal region and no 
comparison is thus possible. Instead of the usual “ bicondylar width” Parsons 
takes what he terms in one place‘ the “width of the lower extremity,” the 
“transverse diameter of the lower end of the femur’” in a second and the “ width 
of lower articulation®” in a third place. He nowhere describes accurately how it is 


1 Bibl. 111, p. 241. Je Bible tl Lee 241. Seeible Lal po i259. 
4 Bibl. 111, p. 240. * Bibl. 111, p. 256. 6 Bibl. 111, Heading to Tables, p. 244 et seq. 


126 A STUDY OF THE LONG BONES OF THE ENGLISH SKELETON 


measured, but figures on his p. 9 the callipers placed for taking it, and it would 
thus appear that he has measured the projection on the standard vertical plane 
of the maximum distance from the internal border of the articular surface of the 
internal condyle to the external border of the articular surface of the external 
condyle as seen by an observer facing the standard horizontal plane. It is clear 
that this is incomparable with the bicondylar width, and, owing to the usual 
state of the borders of the articular surfaces of the condyles in many ancient 
bones, incapable in those cases of exact determination. It may quite possibly 
be a useful dimension to take, but it is incomparable with the bicondylar width 
of other authors, and is surely not fitly described as the diameter or width of 
the lower extremity of the femur, unless by “ lower extremity” is meant not the 
distal epiphysis, but the extremity of the condylar articular surface. 

As a result of this analysis of Parsons’ measurements and our own all we 
can conclude is that the Rothwell femur is for both sexes larger than that of our 
seventeenth century Londoner. The proportions as judged by the index oblique 
length/maximum length are identical. But we cannot tell whether the Rothwell 
bone is or is not more gracile than the London bone. There is some evidence to 
show that it is more robust’. We have made no comparison with the data from 
London dissecting rooms provided in a still more recent paper of Parsons, because 
those data are too few for a real comparative study (27 to 81 g, 12 to 14 9 
measurements), and the bones were moist and possessing the articular cartilage. 

How far the platymeric index for these moist bones may be considered com- 
parable we cannot say, but it is noteworthy that Parsons now gives a value 
for it almost identical for males with those found by Hepburn and ourselves, 
ae &R. 85°5 and 2 L. 85-0. 


* We might have hoped for something from the diameters of the head, but Parsons tells us 
that he has measured the greatest diameter of the head “with a sliding scale the two bars of which 
are kept parallel to the long axis of the neck.” He has thus obtained only a projection of the diameter 
measured and there is no evidence whatever that by keeping the calliper bars parallel to his axis 
of the neck that he will even approximate to the maximum diameter. We have calculated the 
index of robusticity of the head and index of the robusticity of the shaft as closely as we can from 
Parsons’ material with the following results : 


Robusticity of Head Robusticity of Shaft 


& OR. mae 9 R. ey Ay rigs Ry only 9 R. 9 L. 


Rothwell (1300—16001)| 21:63 21-49 20°72 20°10 13:25 13-60 13-01 13°16 


London (1650—1750) ...| 21-07 20:98 20°26 20:10 12°97 12:72 12°65 12°49 
+ ——_——-Y Se Se ee ed 


Modern British oe 0:84 Af RIN 12°46 i5 re 


The above data are probably in order of date of origin, and if we can trust Parsons’ measurements 
as really admitting of fair comparison, we see that the order of date is the order of robusticity. 
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It did not seem possible to pass by Parsons’ measurements merely with the 
remark that they were incomparable with the measurements of other authors, and 
we have accordingly entered at length into the reasons why they are incomparable. 
Unless we are to scrap all the work of the earlier femoralogists, in particular of 
the French writers, and start afresh with Parsons’ characters (in which case they 
will need far more elaborate definition of method of determination than he has 
provided) there will be small chance of his hope that his study of the Rothwell 
femora “ will serve as a standard for more modern as well as more ancient ones’” 
being fulfilled. Thus the only conclusions we can reach with regard to any 
system of measurement of British femora that we have come across are: 

(i) That the London femur of the seventeenth century was smaller, less 
gracile and more robust than the femora described by Hepburn as “ modern 
British.” 

(ii) That the same femur was smaller and less robust than the medieval 
femora from Rothwell. . 

The loss of robusticity may be an evolutionary change, but it is equally 
likely to be—as the absolute size almost certainly is—due to racial differences 
between the Lowland Scot, the Midland English and the Stuart Londoner. 


(ui) Comparison of English Femur with that of other Races. 


If we now turn to Tables IV and V seeking the racial relationship of our 
Londoners of the seventeenth century, we are at once checked by paucity of 
numbers, paucity of characters measured and paucity of races hitherto investigated. 
Lehmann-Nitsche’s results only suffice to show that the races of the Row-Graves 
of Central Europe were bigger-boned than our Londoners. But what weight can 
be laid on the femoral head measured in nine or five cases, or the bicondylar width 
in six or even one instance? Considering the numbers dealt with the pilastric 
and platymeric indices, the torsional angle and the obliquity are not divergent. 
The collar angle presents considerable difficulties, for although its value differs 
considerably from ours, Lehmann-Nitsche’s method is very different. He marks’ 
the axes of neck and shaft by two black threads on the anterior face; the thread 
from the middle of the linea intercondyloidea anterior to the tuberculum of the 
linea intertrochanterica represents the shaft axis—this is probably a quite good 
approximation; the axis of the neck is, however, a thread “durch die Mitte des 
Collum gelegt und durch Visiren bestimmt.” We consider this vague and un- 
satisfactory and that a line thus drawn might easily give a relatively low collar 
angle. All we can say of the prehistoric central Europeans is that except for 
absolute size we have no evidence to show that they differ widely from our 
medieval Londoners. 

Modern French will be found to approach nearest to our English values, 
while modern Swiss are again very close both in pilastric and_ platymeric 


* Bibl. 111, p. 238. 2 Bibl. 69, S. 287. 
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measurement, although Schwerz has unfortunately only provided us with a mixture 
of sexes. It is worth remarking that the neolithic French are relatively close to 
modern . French, the substantial differences being in the low platymeric index 
and the high degree of torsion. This high degree of torsion is only paralleled by 
the Naqada Egyptian bones and exceeded by the Maori. There is sufficient 
evidence to show marked links between modern and early Europeans, while there 
is marked differentiation between both and such Asiatics as we have data for— 
Japanese and Aino. This is well evidenced in proportion of bicondylar width 
to maximum length and in that of pilastric to platymeric transverse diameter. 
The latter, however, must be cautiously dealt with, as the platymeric index must 
also be, for Koganei took his platymeric section always at an invariable 3 cm. below 
the small trochanter. 

On the whole we see at present how little advantage can be got from com- 
parative study of the femur for racial purposes until there is standardisation of 
measurements and more numerous measurements on ampler material’. This lesson 
is what we hope will be emphatically illustrated by our tables. 


\ 


(iv) Dufferences associated with Side. 


The discussion of asymmetry seems to have arisen from Lombroso’s theory 
that asymmetry is especially a characteristic of criminals and that this asymmetry 
is in favour of greater size on the left side. One of the earliest papers actually 
attempting to measure this asymmetry is due to Garson. He took seventy 
skeletons of all ages, both sexes and every race, at the Royal College of Surgeons. 
He took length of femur+ tibia as a measure of length of lower limb and found : 


INOW oueOS L. > R. (fh UO ate 25 L.<R. 


*/, «+. | 54:3 Mean (L.—R.)=+4°8 mm. | 100L.—R.=0)| 35°7 Mean (L.—R.)=—3°3 mm. 


Taking femora only Garson found : 


Natal Tie Oy Fives Rane 20a Tiel: | 


| 
"/, ... | 58°6 Mean (L.-R.)=+3'8 mm, | 12°8L,—R.=0] 286 Mean (L,—R.)=—2-9 mm. 


The average excess of L. over R. was 1°4 mm. 

An obvious criticism of Garson’s work is the absence of any recognition on his 
part that a mixture of ages, sexes and races may appreciably modify the results. In 
1893 Matiegka’® again took up the problem. He dealt with fifty-three skeletons of 


* We have not included the bulk of Rodriguez’s data in our discussion. It is racially very ample, 
but he deals with few characters and for most combines the sexes, It will be dealt with later under 
the individual characters and is within its range the best data yet available. 


* Bibl. 23. 5 Bibl. 60. 


Taste IV. Means (with probable errors) of English Femoral Characters ; Comparison with those of other Race: 


Males. 
: : vs : Bajuvars from Row Graves. Swabians and Alemanns from Row Swiss Alemanns. 
English | cree English | aioe, Bias on igri (Mediaeval ?). —" Tichivanneitecene Graves. Lehmann-Nitsche {2 Schwerz 71 
Character and Index-letter Pea re L R L R+L 
= a a). 
No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean No. Mean No. No.2 
(a) Maximum Length ... ses i ‘a 218 | 446:77+41-02 | 225 447°70 1:00 vo = yf 76 456 4 98 460 14 471°4 12 4738 Ir —¥ 
(6) Trochanteric Length oe ae ... | 187 | 426°0641-02 | 209 | 425°55+1'00 =< = a 8 401-4 8 403°1 6 oe 
(c) Maximum Trochanteric Length ... ... | 183 | 435°09+T-04 | 206 | 434°1I 41°03 ’ — = a = aa iat am = — 
(d) Oblique Length .. Ke . | 202 | 444°3541'03 | 214 | 445484102 | 43 450°8 75 453 102 456 14 467:0 12 469°2 13 ea 7o 
(e) Trochanteric Oblique Length ee .. | 173 | 423°55+1:06 | 194 | 423°46-+1-04 — = - 8 4484 8 bide! 7 <a 
(f) Vertical Diameter of Head a <im) | 204 47°06+4 +14 | 212 J Pe ry 13 |) 4 8 ; { 9 59°3 9 49°8 5 \eNE => 
(g) Horizontal Diameter of Head... sys |, 200 46°60+4 +14 | 196 46°38+ +13 |) 39 ane ie a) 2 49 ( 9 48°9 9 47°8 5 = 
(kh) Platymeric A.P. Diameter ts wee, 236 26°83+ -08 | 247 26°65 -+ +09 44 26°5 80 {27} 105 \2gh€1 14 29°4 12 27°9 13 = 
(¢) Platymeric Transverse Diameter ... | 236 31°68 + +13 | 247 31°52+ ‘12 44 316 80 {35} 105 {36} 14 33°6 12 34°8 13 — 
(j) Platymeric Index ... ae re ane |) Bee 85°33-+ +390 | 247 8511+ +40 44 84-692 80 {77}% 105 182h€a 14 87°5 12 80°2. 13 c. 235 
(k) Pilastric A.P. Diameter... a ise. | BOF 29°53+ ‘Io | 250 28:67-+ +10 44 29°7 79 {31}% 105 {32 $8 14 gory 12 29°7 12 = 
(1) Pilastric Transverse Diameter... Bo (eae 28-024 +10 | 250 27°95-+ ‘09 44 27°2 79 {29}& 105 {30}€4 14 29°3 12 29°5 12 = 
(m) Pilastric Index... as wat .- | 237 | TO5'84+ +42 | 250 | 103-134 -38 44 109"4 80 {{106-9]}814 | 105 | {[106-7]}P1e 14 To4'8 12 100°7 12 c. 244 
(n) Popliteal Length Oe) ets ee .. | 230 T20°I24+ +75 | 243 122°35+ +67 44 {100-1} 93 = == 22 = aoe! bas = = a — 
(0) Popliteal Width ... ee swe | 232 39°83+ +18 | 239 39°48 4: +17 44 41-3 — = ay a = wi a — oe a 
(p) Popliteal Direet A.P. Diameter Bhs a. | 228 27-974 *I1 | 238 27°87+ +12 44 32°3 — — a a as = _ ee —_ — 
(yg) Popliteal Oblique A.P. Diameter... tes | 389 30°77+ *1I | 235 30°62 “11 44 33°1 — = = = = = =e 7 = a. 
(r) Popliteal Index’... & wee | 225 70'69-+ +28 | 236 70:99 + +28 44 78-2 cP. =e rans = a — a =F = pe 
(s) Bicondylar Width... .. ...  .. | 153 | 80-154 ‘22 |] 166] 79-404 -22| 36 83:0 68 {75} 7% 92 (7750 4 81-6 6 80-1 5 c. 88 
(!) Capito-collar Length a ae ve i 2ag 77°04 + +32 | 229 77°21-+ +31 — — 78 {65} V€s 102 {66} Y€3 —_— — — = _ a= 
(u) Length of Shaft... me a ... | 227 | 377°98+ +93 | 229 | 376-204 -o4 = — = = ness = = — = = = _ 
(v) Capito-trochlear Length se 7 ... | 227 | 432404100 | 229 | 432°14-+ +97 = — = == = = =o 7 = = 2 = ~ — 
(w) Collar or Cervical Angle ... a ... | 227 | 130°4o+ +30 | 229 | 131°%47+ -20 $2 my 79 {127°} 104 4126°Y 12 124°:0 Ir 125°°6 Ir 127°t | c. 163 9.8), | 53 Ne te 6°4 
{@ i)* = sh ea, | TOS: 12°10 + *39 | 210 14°98 + +41 — — ° © °, °, 2.6 ; | : 
(7) Torsional Angle i) Es at Me go 11°63 4 -42 | 210 14°71 + +43 = = | 69 {13°}7 98 {13°}7 5 Aes 4 ce 9 r c. 82 | | 
(y) Obliquity of a4, ae a dco, | BER 8°-69+ +09 | 233 TI°-59+ -08 = — 71 9° 97 9° 5 (3 +9) r1°4 | 5 (3 +9) QI IZ Io°-7 | c. 164 | { 22 
(2) Peendo-obliquity(a) ~~ wok we. | 203 [5°-97]8 204 [5°65]? <3 — 75 ies “si 98 [7°-0]P1 I4 [7°-8]P2 12 [s° -o]B2 (c. 12) [7°-6]Ba — oda) | 
(aa) Bicondylar Ratio (J,), 152 1794+ +04 | 161 17-73% °05 35 {[18-2]}8 24 68 “{[x6- ran oe {{16-7]}P1 (4?) [17°3]P2 (4?) [16-9]P2 (c. 5) {17-6]8s ail ’ =a < 
(bb) Popliteal Bicsilyiar ‘ Soffit Index (la) I50 49°884 +23 | 163 50°08-+ +23 36 48°5 — — 7 — ae a — -- — = - | — 
(ce) Popliteal Pyramidal Index (J oe 22 33°41 ‘21 | 237 32°704+ "19 — — — =: == a= = S oe — = — = ‘Np mates 
(dd) Ellipticity of Head (Loi) stare ; x ° sve) | BFS 9881-4 og | I90 98-90+ +09 — — — — _ = 9 97°3 9 960 5 98:0 —— ~ 
(ee) Head-Bust Ratio (I,,) ee sas owe) DOR 6145+ 27 | 204 6119+ +26 — — 76 {[75-4]}Prve 98 4194-2] \Br ve — a — — aly = 2 gets 4 
(hh) Index of Gracility (Upper) (Zy,) . sa | 236 88-804 +24 | 247 88-874 +23 44 86-1 79 [82-9] 105 [83°3]P1 Le [87-282 ure [84-8]Pe | (c. 12) [86-8)Ps ie oe | 
(ii) Index of Gracility (Lower) (Zy,) . eva: | 230 70°744+ +29 | 239 7134+ -28 | 44 66:3 a — == — — — — — ec 2s ae 
(jj) Index of Transverse Slenderness (J;),,) ... | 226 743+ 103 | 228 743+ +03 _ _ = oo — ae = — — = q | 
(kk) Index of Sagittal Slenderness (7,),,) ws | 226 7334 -03 | 228 7°60 -+ 03 — — = = — — = —_ = — 
(ff) Bust-Shaft Ratio (Iy,,)  ... ix o- | 227 20°38-4 ‘10 | 229 20°58+ ‘Io — — = — —_ = = — _ —_ - | 
(gg) Epiphysial Ratio (Zy,) ‘1 was wee ||. 246 96-064 +46 | 157 9766+ +46 = — 68 {[86-7]}Brves 92 {[85-7]}Prvea a — — _ = — — 
(il) Index of Popliteal Skewness (Tpiq) aoe || 228 go-92+ ‘16 | 235 oror+ *17 44 97°4 — — = = —_ = — —— — _ — 
(mm) Oblique-Direct Lengths Index (4) ao |) 203 99°32+ -o2 | 214 99°39+ ‘02 Ss = 75 [99°3]P1 98 [99-3] 14 [o9-1]Ps 12 [o9-0]Ps (c. 12) [99:2]8s 99°1]Ps fh, See | ¢ 
(nn) Oblique-Direct Trochanteric Index (/,/,) 172 g9°50+ 02 | 195 99°49 *02 = aa a es = a 8 [97-2}Pe 8 [97-2)Ps (c. 6) | [97-2}Ps [96-6]Ps a 
(00) Capital Ratio (Zy,) sits as) Modi Ge 10*51+ +03 | 198 to-48+ -03 | 39) {[1o-4]}P% | 76 [x0-7]P1 98 [10-7]Pa 9 [10-7]B2 9 [xo-5]82 | (c. 5) | [ror [zo-5]Ps | — } — | 4 
(pp) Primary Bust Ratio (Z,,) .. za Hl 2E3 1722+ :07 | 214 17°26+ °07 = — c. 68 {[r6-4]}Fi€a_ | c. g2 {[x6-7]} Pies = —_ —_ — — = = | ea = | 
(qq) Bicondylar Trochanteric Mies Lun) ave | £35 1882+ -05 | 148 18-72+ ‘05 — _ — => = ee (4?) [17-7]P2 [6?] [17:3]82 (c.5) | [27-4]8s [18-4]: sats 
(ww) Bicondylar Capital Ratio (Jy)... ws | 143 58-8r+ +13 | 146 59°234 ‘13 35 58-8 68 {[65-3]} Pat 92 {3:6} Pies (4?) [61-6]P2 (6?) [62-2]P2 5 [60-4]Ps [59-6] | eee | = 
idgene- 9 Mee se | = Be = _ 14 94°4 12 93'I 12 87:0 889 | «aga | y 4 
| a Rou ughly differences of characters when 8 Figures in square brackets are found 6, Hepburn e’, Parsons gives this value as 81. , Lehmann-Nitsche’s numbers are very Numbers very inadequnds for | G she | 
| measured in the same manner may be taken as | indirectly, chiefly from ratio of means. measures from limit e, Parsons has unusual methods ‘of measure- inadequate for comparative purposes, and comparative purposes: see Note ¢. 
eee significant when they are 2.,/2 to y Figures in curled brackets are in- | of external condyle | ment. | Note a needs modification in this sense, the B; See Note p,. | are 
,/2, say 3 to 4 times the probable error | comparable with ours, being determined by | and not from inter- B, Deduced only from Parsons’ own rough | test of significance must be raised, say from ° er 
given in our English columns in magnitude. different conventions or processes. condylar fossa: see | means. 3 to 4 to at least 5 to 6. neas' 
* Many writers omit to state how they have 6, All except two are 3 and probably | our p. 9. e, Parsons measures the articular surface B, Deduced from Lehmann-Nitsche’s ce t 
dealt with negative torsions ; (i) disregards sign, | Lowland Scottish. 6, Hepburn not from epicondyle to epicondyle. means without verification of them. ‘| "he 
(ii) regards it. 5, Hepburn’s indices appear to be |} gives only oblique, e, Not comparable with our capito-collar : | 
* erroneous and his mean has therefore been | not maximum, | length as Parsons measures from 1 pP of fovea ee 
corrected. length; corrected | to spiral line. | exa 
for this difference e, Absolutely incomparable as Parsons’ | 


these indices should | bicondylar width and capito-collar length are | 
be 18-0 and 10:3. not ours. | 
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TABLE V. 


Bajuvars from Row-graves. 


: 


Means (with probable errors) of English Femoral Characters ; Comparison with those of other Re 


Female. ' 


Swabians and Alemanns from Row-graves. 


Swiss Alemanns. | Modern French, 


Schwerz various sour Fran¢ 
R+D1 R+L R+] 


in our English columns in magnitude. 


_™* Many writers omit to state how they deal 
with negative torsions; (i) disregards sign, 


(ii) regards it. 


a Roughly differences of characters when 
measured in the same manner may be taken as 
probably significant when they are 2,/2 to 
3/2, say 3 to 4 times, the probable error given 


6 Figures in square brackets are found 
indirectly, chiefly from ratio of means. 

y Figures in curled brackets are incom- 
parable being determined by different con- 
ventions or processes to ours. 


e, Parsons takes his platymeric section 


just below lesser trochanter. 


€, Parsons takes his pilastrie trans- 


verse wherever that diameter is least. 


e, Breadth of articular surface. 
¢, From top of fovea to spiral line, thus 


not comparable with our values. 


€; Quite incomparable as Parsons’ (s) 


and (t) are not the same as ours. 


8, Deduced from Parsons’ rough means. 


ehinann-Nitsche’s numbers are very 
inadequate for comparative purposes and 
Note a requires modification in this sense, 
say from 3 to 4 to at least 9 to 10 times. 

B, Deduced from Lehmann-Nitsche’s 
means without verification of them.’ 


English (London) English oe) Rothwell (Mediaeval?), Parsons Lehmann Nifeohes? Lehmann-Nitsche $2 
Character and Index Letter R R in R L 
Mean Mean No. Mean No Mean Mean No. Mean Mean Ree) Mean 
tis. ‘; 7 . ‘ 6-1 4 393'988 
(a) Maximum Length ... 41O‘1l L104 408°26 + 1:06 53 416 49 422 424°0 4 428:0 Hee i 
(6) Trochanteric Length ie Gest + r02 388+53 £ 1:03 4115 3 419°3 411°5 ‘J 384°5 
(c) Maximum Trochanteric Length ... + 1:09 397°95 41:08 — — — 3 = iw : 
| (d) Oblique Length... ~ - 1:07 405°21 +109 52 415 ot 418 4t7s 4 eet pine! ; aoqra%s 
(e) Trochanteric Oblique Length 385°54 41°12 385°89 + 1°08 — —_— — = 400'5 3 406°7 403°3 3 
(f) Vertical Diameter of Head 4reI24 +11 40°77+ ‘10 8 A 43°3 4 44°8 45°90 3 40°3 
; 55 43 4 4 k : a aid 
(g) Horizontal Diameter of Head 40O°7I+ ‘12 40°50-+ *IT 42°4 4 43°5 4 
(h) Platymeric A.P. Diameter 2382-4 -09 23°34+ ‘08 55 {25} 50 {26} & 24'0 4 24°5 21°8 5 20°6 
(?) Platymeric Transverse Diameter 28°57+ °13 28°68 -- +11 55 {32}& 50 {33% 313 4 3t3 28°7 5 eis: 
(j) Platymerie Index 84-08 + +48 Bre «40. 55 {78} 50 {79} 76°7 4 78°3 760 755. 
| (&) Pilastric A.P. Diameter 26°05 -- +10 25°16-+4 10 55 {28}€s 51 {28}€2 280 4 261 24'1 5 24'2 
| ()) Pilastric Transverse Diameter 2520+ +10 25°37 ‘10 55 {26}€2 51 {27} 26°6 4 26°9 22'6 5 23°3 
(m) Pilastric Index 103°85 -- +46 99°48+ +46] 55] {[ro7-7]}& | 52 | {[103-7]}€ 4 97°0 106°6 5 1039 
(n) Popliteal Length . ny Be) I12:00 75 II0°26+4 +77 — — oo = oa a =, ata =e 
(0) Popliteal Width ... aoe a 36284 +17 35'51+ +16 _— — ae = = = = = ad 
(p) Popliteal Direct A.P. Diameter ... 24°27-+ +12 24°38 + +09 — — = a = = ao ber’ = 
(gq) Popliteal Oblique A.P. Diameter... | 26-804 -11 26°81-+ *10 am = = So ae 
(r) Popliteal Index oe : | 67°06+ -:28 68-76+ +29 — —- ae = —= = = = — 
(s) Bicondylar Width ... 7OI2+ +23 69°89+ +22 42 {68}€s 46 {67} € 1(!) 72 74 1(!) 92 
(1) Capito-Collar Length 68°38 + +33 6740+ +31 54 {56}€a 49 {57} — _— — i — 
(uw) Length of Shaft ee 347°88 + 1:07 347°60+ +93 = == at — = are a ie a 
(v) Capito-Trochlear Length ... 394°35 4111 393°68 4-T-o1 = —_ = —_— — — — ap = 
(w) Collar or Cervical Angle °*390+4 +37 130°:28+ +37 54 {126°}¥ 51 {125°\7 3 128°°7 125°'0 5 128°'6 
%,) Torsional) ((i)™ + +51 17°92+ +51 ° ° ! °. °, 16°2 
(x) Torsional Angle ij tao4d <6 17°90 4. cS 49 {18°37 50 {16°}7 r(!) + fo} sl ° 3 f 
(y) Obliquity of Shaft ... 9°39 “II 1I°77+ ‘10 | 49 10° 49 Li° 5 (3 +9) coh 9°°3 5 TEs 
(2) Pseudo-obliquity [7°-93]8 [6°-93]8 52 [4°-0]?s 49 [7-9] 4 [4°:3]B2 [9°-5]8s a _ 
(aa) Bicondylar Ratio (J,/,) E 17°31+ +07 1719+ 06 |c. 42] {[16-3]}P1 | c. 46] {[15-9]}P1 c.1(!) | [r6-8]82 | c. 1 (!) [17:8]8s | c. 1 (!) | [x8-3]83 
(bb) Popliteal Bicondylar or Soffit Index (/,,,) 50°85+ +28 50°86+ +26 — oo — — = = = a ad — 
(cc) Popliteal Pyramidal Index (J,/,,) , "79+ +23 32°88 4+ +24 — == — = — = = a = ! 
(dd) Ellipticity of Head (J/) 99'23+ ‘Io 9899+ +08 ' 4 971 95°6 3 98°8 
(ee) Head-Bust Ratio (Z,;) b.. ee 6088+ -30 | c. 54] ‘{[76-8]}}& | c. 48] {[73-7]}& a — a= = 
(hh) Index of Gracility (Upper) (Z,;) ... 88-464 +29 88-74-+ +26 55 {[8x-3]}Pa 50 {[81-8]}F1 5 4 [85-9]B2 [78-7]8s 5 [85°3]Bs 
(wi) Index of Gracility (Lower) (Jy) ... 60°74+ +31 7174+ +34 — —- —_— — — — — — ea _ 
(jj) Index of Transverse Slenderness (/,,,) 7254 04 7730+ +03 — = — — — — — — = os 
(kk) Index of Sagittal Slenderness (/;,,,) 7°5I+ +03 722+ +03 | a = — — — —_ 
(ff) Bust-Shaft Ratio (J,,,) 19°79+ ‘13 19'46+4 ‘11 = — _ — — —_ — —_ — — 
(gy) Epiphysial Ratio (/),) ... —... 96°76 4 +68 95°73 "51 | c. 42} {[82-3]} | c. 46) {[85-1]} a - a a — = 
(UW) Index of Popliteal Skewness (J/g) 90'24-++ “19 go'90+ +20 — = — — = a — — — — 
(mm) Oblique Direct Length Index (J,yq) 9921+ +03 99°27-+ ‘02 52 [99-881 49 [oo-1 81 [o7:9]B2 4 [o9-7]B2 [98-6]8s c.4 | [ror-4 !]Bass 
(nn) Oblique Direct Trochanteric Index (/,,,) 99°36+ +03 99°37+ ‘03 — — —_— — [o7°3]8= c. 3 [97-0]B2 [98-0]8s chr (4) [98-8]8s 
(00) Capital Ratio (/y,) cee 10°06 +03 to‘or+ -03 | 53 [10-3 ]81 48 [x0-0]91 [10-2 ]Be 4 [10:5 ]P2 [ro-8]fs |. 3 [10-2]8s 
(pp) Primary Bust Ratio (/,,.) : 16°72-+ ‘09 1660+ og |e. 53 | {[13°5]}*& 49 {[13°5]}& — co — — a = 
(qq) Bicondylar Trochanteric Index (/,,) 1822+ ‘07 18:05+ ‘06 = = = a a 1(!) [17-2]B2 [18-086 | 1(!) [18-7]8s 
(ww) Bicondylar Capital Ratio (y,) 5823+ ‘17 58:22-+ +14 | c. 42] {[63°2]}65Ps | c. 46 | {[62-7]} e581 = 1(!) [62-2]B2 [60-8]8s | 1(!) [56-0]Bs - 
Wd et, ....  ... = — — = — a 84:7 4 84°3 727 5 73°83 


& Numbers very inadequate for com- 
parative purposes: see Note ¢. 

Bs: see Note p,. 

f; This is a good illustration of the 
danger of working from means of small 
numbers; (d) is greater than (a) and the 
author does not give individual values. 
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adult and growing individuals in the Prag Anatomical Institute. He distinguishes sex 
and age, as far as adult and non-adult are concerned, and he considers all six long 
bones. He does not consider race and he does not give the actual measurements, but 
only the percentages of equality, of excess and of defect in R. and L. He considers 
only the maximum lengths of the bones. His conclusions are that in both male and 
female the lower limb is in excess on the left and the upper limb is in excess 
on the right. In the non-adult group (12—21 years), the distinction appears to 
be less marked and the number of cases of equality considerably larger. 

If we pick out his results for the femur, which more especially concerns us 
at present, we have the table given below. It will be seen that his numbers are 
very slender and without measurements very difficult of exact interpretation. 
Clearly Matiegka’s percentages are in themselves quite unreliable’. 


Maximum Length of Femur 


No. L=R. L.>R. L. <R. 
Male Adult 13 2 Ii 0 
Female Adult ... 12 5} 3 4 
Males, 12—21 years ... 24 7 12 5 
Females, 9—19 years... 4 2 1 1 
Totals 53 16 27 10 


As far, therefore, as the femur is concerned these results show nothing for 
adult or non-adult females, but they do indicate some considerable emphasis of 
the left side in the case of males. Unfortunately in bones from plague pits the 
pairing is impossible and we can only trust to large numbers reducing to small 
proportions our mean value differences for right and left bones. Warren in 1898° 
used both the percentage method and the mean method, but as he was able to 


pair the bones in 114 cases he took only paired bones. His results give for 


Oblique Length 


No. Right No. Left Ar. -t, 
& 48 453°25 + 2-45 48 454-20 + 2°39 — 1:25 + 3°42 
Nagqada } 
Q 66 491:414+1-61 66 422-864 1°71 — 1°45 + 2°35 
é...| 202 444-35 + 1:03 214 445-48 + 1:02 — 13+ 1-45 
London 4 
Q 161 406°43 + 1:07 169 405-21 + 1:09 + 1:16 + 1:58 
3 76 453 + (11°68) 98 456 + (11:51) —3°0 + (12°21) | 
Rothwell 
g 2) 415 + (21°88) 51 418 + (11°96) —3:0 + (12°72) | 


' Matiegka apparently had the epiphyses present, if wholly or partially loose on his young bones. 
These are usually absent in the bulk of disinterred young bones. 


Kok. 


2 Bibl. 77, pp. 140, 146. 
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Parsons takes his means to the nearest millimetre only and gives no probable 
errors. He states that in both sexes the left member exceeds the right by 3mm., 
and that he finds the same 3mm. on the femora of sixteen bodies from the 
dissecting rooms of St Thomas's and Guy’s Hospitals!. This result is not in 
accord with Garson’s — 1°4, or Warren’s or our numbers of the same order. We 
have attached probable errors to Parsons’ results on the hypothesis that the variation 
of the Rothwell femora may be taken as approximately equal to that of the 
London femora. It will be seen that to the nearest millimetre he has a probable 
error of above two in his means, or his difference of three has no significance. 
The same applies to Warren’s and our individual results. It would require far 
larger numbers than any of us have used to test by this method whether the 
left exceeds the right femur by 1 to 2mm. There is no doubt that the same 
criticism applies to Garson’s conclusions and Matiegka’s numbers for the femur 
alone are absolutely inadequate. Although there is some evidence arising from 
five out of the six series in the last table running the same way, it will require 
something like 1000 pairs of femora to determine whether there is a real excess of 
say 1mm. in length in the left bone. In our own series, the longest hitherto 
dealt with, males go one way and females the other and in neither case is the 
difference significant. We conclude that asymmetry in length of femur, while 
the rule rather than the exception has not yet been demonstrated to give a 
predominance to the left bone. 

We shall now proceed to a more systematic investigation of the possible 
influence of side. This will consist of determining the difference between right 
and left members in terms of the probable error of that difference for each character. 
A difference between right and left cannot be considered possibly significant if it is 
less than twice its probable error, and not until it is three or four times can we assert 
highly probable significance. Doubtful cases we can only consider, if they are 
confirmed both as to magnitude and sign by the other sex. In the accompanying 
table we give first the character, then its value in the right minus its value in 
the left limb, Ag._;,, together with the probable error of the difference e,. In the 
last column is given the ratio, Ap_1/é,. The results are surprising and somewhat 
illuminating with regard to the manner in which conclusions are frequently drawn 
from inadequate data by defective theory. The differences in right and left 
members of none of the chief lengths, maximum and oblique or trochanteric 
maximum and oblique, appear to have any significance’. This is also true of 
various subsidiary lengths such as the popliteal length, length of shaft, the capito- 
trochlear length, the capito-collar axis, the vertical band radius of the external 


1 Bibl. 111, pp. 242—3. 

* Nearly one centimetre (0°8) of Parsons’ R. and L, difference is due to the presence of a single sub- 
giant L, femur (Max. Length: 543), which has clearly no paired R. femur in his data. This is a good 
illustration of the difficulty of dealing with non-paired bones in relatively small numbers. 


* Not only are the values of the right and left differences insignificant but they differ in sign 
in the two sexes. 
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condyle, the vertical diameters of head and neck and the diaphysial chord. We 
now turn to measurements perpendicular to the sagittal plane or to the standard 
vertical plane. No stress can be laid on side differences in the bicondylar width, 
in the pilastric transverse diameter or in the platymeric transverse diameter; on 
the other hand, the popliteal width difference appears to have some significance in 
the female, none in the male bones. As all other lengths perpendicular to the 
sagittal plane have insignificant differences, we must not lay too great stress on this 
apparently significant but uni-sexual difference in the case of the popliteal width. 

The matter stands somewhat differently when we turn to perpendiculars to 
the standard vertical plane. The maximum length of the internal condyle (really 
rather markedly oblique to the standard vertical plane), the popliteal direct and 
oblique antero-posterior diameters, the diaphysial subtense, the horizontal diameters 
of head and of neck appear to have no differences on right and left side. But 
the pilastric antero-posterior diameter is markedly differentiated, the platymeric 
antero-posterior diameter definitely in the female, but not in the male bones, 
while the external condylar length (oblique or maximum), and quite possibly the 
horizontal band-radius of the same condyle’ are differentiated. 

Turning now to the angles, we note that none of the angles of the funda- 
mental triangle—the collar angle, angle at the centre of head or the mid- 
trochlear angle—show uniform and definite side differences, although both sexes 
agree in making the collar angle less on the right side. On the other hand, 
the torsion, however measured—as torsion of whole bone or of shaft alone, or as 
retorsion of head and neck, or whether we pay attention to its sign or not in the 
first case—is always markedly greater in the left than the right bone. Further 
the obliquity is most definitely and markedly greater in the left bone than in 
the right. 

To sum up our conclusions with regard to side differences in the femur: if 
a mechanical action were at work in the case of the right femur causing it to 
carry more continuously a greater load than the left—for example if the left is 
more frequently adopted as “‘Spielbein” and the right as “ Ruhebein”—then 
we should anticipate that some or all of the vertical lengths would be smaller 
on the right side and possibly some or all the horizontal lengths—due to the 
longitudinal compression being greater—would be larger. We do not find, 
however, any of the left side vertical lengths in excess, nor do we find any of 
the transverse diameters markedly in excess on the right side. Two of the prin- 
cipal—the platymeric and pilastric—antero-posterior diameters and the external 
condylar length do appear to be significantly in excess on the right side. If 
we suppose there to be really excess pressure on the right side, then we are 
compelled to suppose that the bone reacts and grows more under this pressure, 
and that would account for the greater development of the sagittal diameters. 
But such a hypothesis does not account for the popliteal section showing no 


* It should be noticed, however, that while the other antero-posterior characters show excess on 
the right side, the horizontal band-radius shows defect. 
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increase of antero-posterior diameter on the right side, nor for the absence of excess 
on the same side of the transverse lengths. We doubt very much whether the 
mechanical explanation will coordinate the observed differences in the most 
significant cases. Now we shall show later that the principal part of the torsion 
occurs above the pilastric section, and we shall suggest that this torsion strengthens 
the bone in the principal plane of bending even as the pilaster does. We look 
therefore on the reduced torsion of the right femur as to some extent compensated 
for by increased antero-posterior diameters in the proximal half of the bone. It 
is conceivable that lessened torsion carries as its correlative lessened obliquity, 
although we are not prepared at present with any explanation on this point. All 
we would suggest is that the defect of obliquity and torsion and the excess of 
antero-posterior dimensions in the right femur are, in our view, an associated 
system and embrace the main differences of size and form between right and 
left bones. We do not believe these differences to be due to differential mechanical 
causes, but rather evolved as all differences in homologous parts of the human 
frame, and ultimately traceable in this case to differences of muscular attachment 
and arrangement enforced by the organic asymmetry of the human frame. 

The reader of this memoir must be careful to note that we do not assert that 
there is an absence of slight length differences in the right and left femur; it 
might be possible to determine such, if they exist, with a really adequate 
number of actually paired bones. All we assert is that we cannot discover such 
differences in our material, and that previous writers on the subject seem to 
have wholly overlooked the importance of testing their differences by aid of 
the probable errors of their observations". 

We now turn to the possibility of side-differences in the indices of the femur. 
But the matter is here more complicated; there are marked sex differences in 
almost two-thirds of our femoral indices, and accordingly we may not find nearly 
so great an accord between significant right and left differences in the indices of 
the two sexes. 

Here again we notice that none of the indices formed from the main lengths 
of the femur show any conspicuous right and left differentiation. The Oblique 
Length/Maximum Length in males is “possibly significant,” but although of the 
same sign in the female bones it is so low down in the “insignificant ” that we 
think no weight can be given to the male value. The index, again, Bicondylar 
Width/Maximum Length, just gets into the probably significant in males, but is so 
low in females, that we by no means feel certain that it should be noted as a 
secondary sexual character, that in the right femur of males the distal epiphysis 
is relative to the size of the bone more developed than in the left. 

We have to recognise that it is in the indices of the smaller dimensions of 


1 Our results confirm for the present material Pearson’s conclusions (Bibl. 79, p. 197) for the femur 
in 1898, 2.e. that the differences between R. and L. were insignificant and so vaguely determined that 
it was best to neglect them. He cited Rollet’s values (c. 100 cases) on dissecting room material, ¢, R.—L. 
=—-4mm, and 9, R.-L.=+°3 mm., the signs of which at any rate agree with our present experience. 
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the bone that the most conspicuous side-differences occur. We see at once that 
the index Pilastric A.P. Diameter/Shaft Length, which measures the sagittal 
slenderness of the bone, is significantly different on right and left sides for both 
sexes. Again, for both sexes the Pilastric Index is greater on the right side. 
So also is the Ellipticity of the Neck, the neck being rounder in both sexes on 
the right side. Further, the Band-radial Index falls into the same category; the 
right leg appears somewhat better adapted to the upright position than the left, 
a.e. there should be a greater tension in the ligamentum collaterale fibulare in the 
upright relative to the bent knee position in the right than in the left knee joint— 
the right is less ape-like. The robusticity of the shaft is greater in the right than 
the left, although more markedly so in males than females. We might, perhaps, 
expect the indices of gracility to follow the same rule; but there is no significant 
difference between right and left for the index of upper gracility, while as for 
the index of lower gracility the right is more gracile than the left and more 
markedly so in the females than the males. The result suggests that in the 
robuster bone the popliteal transverse increases at an even greater rate than the 
pilastric transverse. Possibly also the relative length of the external condyle 
(External Condylar Length/Trochanteric Length) is greater in the right than the 
left, although the result appears more markedly in the male than the female. 
We may further note that in female bones the Secondary Index of Bowing, the 
Popliteal Index and the Platymeric Index appear to be significantly differentiated 
on right and left sides, but this is not the case in male bones. A glance at the 
table given later (p. 142) in this chapter shows that the Secondary Index of Bowing, 
the Popliteal Index and the Platymeric Index, on the left side at least, are 
substantially differentiated in the two sexes, and this may conceivably explain 
why the right and left differences are not as marked in the two sexes. 

On the whole while asymmetry is the rule in the human skeleton, the 
asymmetry is in the individual largely and not in the type. There are relatively 
few characters of the femur in which we can say there is a definite differentiation 
between right and left bones, and these characters do not appear to be especially 
those of absolute length, as various authors have possibly too readily asserted. 


(v) Differences associated with Sex. 


The male is altogether on a larger scale than the female, and the only 
purpose reached by comparison of absolute length measurements would be to 
mark those characters which can be most effectively used, as in our Chapter IJ, 
for sexual differentiation; to this point we will return later, for it involves not 
the probable error of mean or type differences, but the separation of the sex distri- 
butions. On the other hand, if the female bone were a reproduction on a smaller 
scale of the male bone we should anticipate that the angles and the indices for 
the two sexes would remain the same. The divergences accordingly in the angles 
and indices if significant are especially interesting secondary sexual characters. 

We consider first the angles. In the first place we may ask, Should we 
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anticipate that the angle of torsion would be changed if the female bone, while 
smaller, were yet similar to the male? The answer would be in the negative, for in 
similar figures all corresponding lines remain parallel, and hence the total angle 
of torsion would be the same. The osteometrician, unlike the physicist, measures 
the total angle of torsion and not the torsion per unit of length’. Accordingly 
we may include the torsions with our other angles. 


Taste VIII. Secondary Sexual Differences in Femoral Angles. 


Right: Male-Female Left: Male-Female 
Angle 
Agr. ta Ap.-1,/€a Agr. + &a An _-1,/ea 
Obliquity ... ee es a — ‘706+ °145 —4-9 — 179+:128 —1-4 
Torsion (sign disregarded) is —2°7614+°641 | —4:3 — 2°941 + 654 — 4:5 
Torsion, (sign regarded) ... bis —2°614+°699 | -—37 — 3-188 + 669 —4°8 
Capital Angle... ves cae — °960 + -405 — 2-4 — 1:378 + -400 —3°4 
Retorsion ... ee ee ee + 1-661 + ‘768 +22 + 2°338 + :588 +40 
Collar Angle Bee fe se + 1-011 + :476 +21 + 1:194+ 471 +2°5 
Mid-Trochlear Angle... Bc + -071 +-:090 +0°8 + ‘159 + -086 +1:8 
Torsion of Shaft ... xe! at — ‘290 + -892 —0°3 — 2-028 + °829 —2°3 


This table has several points of interest. In the first place, whether we 
regard or disregard the sign of the torsion, there is a significant difference in the 
total torsion of the femur between male and female. The female bone has the 
more torsion. In the next place there is little, possibly no difference between 
male and female in the torsion of the shaft, but in the retorsion, the turning 
back of the neck and head towards the condylar axis there is a significant 
difference, the male having a marked preponderance of this form of torsion. 
Remembering that the anthropoid apes show little torsion, we are more or less 
forced to connect the greater torsion of mankind with the more erect posture. 
What is the reason in the case of the female for the excess of torsion being less 
corrected by the retorsion than in the case of the male? We have suggested in our 
section on bowing that torsion is like bowing a factor evolved to strengthen the 
shaft in its plane of minimum resistance as a strut by bringing a diameter greater 
than the platymeric antero-posterior into that plane’. The retorsion is from the 
standpoint of this suggestion an endeavour to restore the coplanarity of condylar 
axis and capito-collar axis. Why is this restoration less complete in the case of 

' In this he acts rightly, because while in physical cases the angle of torsion is usually proportional 
to the length of a torted member, we shall show later that there is no marked relation between the 
length of femur or of its shaft and the corresponding torsions. 

> Thus an elliptic cylinder under compression would be strengthened against buckling in its weakest 


plane by a torsional set. It would of course be weakened in its strongest plane, which plane would 
more nearly correspond to the plane of loading in the ape. 
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the female? We think it must be sought in the fact that in the female pelvis 
the acetabula have a more frontal, less lateral aspect than in the case of the male 
pelvis. The more frontal aspect of the acetabula in the female would, we think, 
be achieved, if, relative to the male, there were a further rotation backward 
round the axis joining the acetabular centres. Now this involves a lesser inclina- 
tion to the horizon of the brim of the true pelvis in the female; in other 
words, the greater torsion of the female, the lesser retorsion, is, if our view be 
correct, due to a further development of the rotation of the pelvis from the 
quadrupedal to the bipedal posture; the female is in this sense more erect than 
the male. With the quadrupeds the acetabula face laterally. or slightly fronto- 
laterally. With the primates their aspect is lateral in Cercopithecus, Ateles, 
Cheirongs and the chimpanzee, slightly fronto-lateral in Cynocephalus, the mar- 
moset, the lemur, and the gibbon, much more fronto-lateral in the orang, and 
slightly again in the gorilla, while man is more fronto-lateral than any other 
primate. The Webers and Naegele have measured the inclination of the superior 
plane of the pelvis (the pelvic brim) to the horizon and give it as 65° for man 
and about 59°°5 for woman, while the inferior plane or outlet makes an angle 
with the horizon of about 17° in man and only 10°°5 in woman’. These results 
have been challenged by later writers. 

Livius Fiirst in a very elaborate memoir of 1875° gives the slope of the brim 
in the male as 48°:4 and in the female as 54°°5, and elaborately terms his first 
Abschnitt : “ Historische Uebersicht der bisherigen.Anschauungen tiber die Nei- 
gungsverhaltnisse des Beckens, u.s.w.” He has, however, only dealt with three 
new, all male, sagittal sections, the rest being taken from the sections published 
by various authors, and he has adjusted all these not to the individual slopes of 
the pelvic brim but to the above angles, which he has taken directly from 
H. Meyer (see Fiirst’s S. 23). Thus First contributed nothing to the existing 
knowledge of the Neigungsverhdltmsse, however valuable his work may be on 
the form of the fundamental quadrilateral. 

If we turn to Meyer’s paper of 1861*° it will be found by no means so 
conclusive as its elaboration has led many to suppose. It does demonstrate that 
the pelvic inclination can vary with the momentary attitude of the individual, but 
Meyer did not measure the pelvic inclination in the living subject as Naegele 
attempted, but on a preparation consisting of the femora and pelvis in the dis- 
secting room—‘ Ein Gewicht von einigen Pfunden an das Kreuzbein angehiingt 
unterhalt statt der fehlenden Schwere des Rumpfes den Zug des Beckens nach 
riickwiirts” (S. 142). The femora were clamped at the distal end and were 
capable of rotating round a horizontal axis. Now the assumption made here is 


1 F, C. Naegele, Das Weibliche Becken, Karlsruhe, 1825; and W. und E. Weber, Mechanik der 
menschl. Gehwerkzeuge, 8. 121, Géttingen, 1836. See also Todd’s C'yclopaedia of Anatomy and Physiology, 
Vol. v, p. 133. 2 Die Maas- und Nergungs-Verhdltnisse des Beckens, Leipzig, 1875. 

® Die Beckenneigung, Reichert u. Du Bois-Raymond’s Archi fiir Anatomie, u,s.w., Jahrgang 1861, 


8. 137—178. 
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that, however the femora incline to the vertical (and Meyer takes their inclination 
for all individuals and both sexes as 83° to the horizontal in the chief position 
we have to deal with (S. 171)!), the weight of the body will act as the above 
weight attached to the sacrum. But not only does this admit of great variation 
according to the exact point at which it is attached to the sacrum, but the 
weight of the body is the resultant not only of pressure on the sacrum, but of 
muscular tensions, and the resultant of this system of forces may for certain 
positions of the femora not pass through any point of the sacrum at all. But 
apart from all this if we look at Meyer’s actual numbers, say on 8S. 167 of his 
memoir, it will be seen that they depend on only nine male and seven female 
pelves. Also two of these, Male No. 8 and Female No. 6, are undoubtedly 
anomalous, as Meyer himself seems to recognise at least in one case on 8. 170. If 
we reconstruct therefore Meyer’s table on S. 167, omitting ¢ 8 and ? 6, we obtain 
for his five positions : 


Maximal Positions 
Sex SS Se ee ee eS Minimum 
af 2 3 4 
WEY) 97°-0 86°°5 68°°9 49 

Reconstructed means 

Q ates) SN 5) 86°:3 67°:2 42 

| 72°-9 93°:0 82°:0 Ofass folie 

Meyer’s means 

fe) ee) 94°-4 98°°3 lees 45 


It will be clear from this table that whatever we think of Meyer’s experi- 
mental method, his conclusion that the pelvic brim in the female is more inclined 
than in the male is not justified by his data, for it depends on the presence of 
a single male and a single extreme female pelvis. In other words, his data 
are not adequate to finally settle the matter even if his method were un- 
exceptional’. Waldeyer in his classical work on the pelvis* avoids the controversy 
by giving the pelvic inclination for the female only. Until the whole is recon- 
sidered with wider material and more exact methods we shall continue to accept 
the view which flows from Naegele’s and the Webers’ observations, namely that 
in the upright position the female pelvis appears to be tilted further backwards 
round the acetabular axis than the male. This sexual difference in man is wholly 
in accordance with the usual diagrams of male and female pelves “seen from 
before in the erect posture” to be found in the anatomical text-books and also 
with what Broek* has noticed in Cebus, Macacus cynomolgus, Hylobates syn- 
dactylus and gorilla. Accordingly it is probably a sexual differentiation arising 

* Statistically no result is valid when it can be reversed by the subtraction or addition of a single 


individual from the compared groups. 2 Das Becken, Bonn, 1899. 
° Archiv fiir Anatomie und Physiologie (Anatomie), Jahrgang 1911, 8. 163 et seq. 
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FIG. (1). CEBUS. 


a : \ Nh agietccpye cons) (Iv). TROGLODYTES GORILLA. 
Fic. (11). MACACUS CYNOMOLGUS. £\ L\ 


Fic. (Vv). HOMO SAPIENS. 


b 
b LENGTH FROM TOP OF SACRUM TO TOP OF SYMPHYSIS a. 
ROUND NUMBERS. 
CEBUS ab=5 CMS. 
a MACACUS ab=7 CMS. 
d GIBBON a@ab=8 CMS. 
C GORILLA @b=21'5 CMS. 
: MAN ab=\f, 114 = ¢, 10'2 CMS. 
@= UPPER BORDER OF SYMPHYSIS. 
d Q d fos 6 = PROMONTORY OF SACRUM. 


¢€=TIP OF COCCYX. ' 
d= APEX OF SUBPUBIC ANGLE. 


Fic. (111). HyLOBATES SYNDACTYLUS. 


FUNDAMENTAL QUADRILATERAL OF MESIAL PELVIC SECTION ((I) TO (IV) AFTER BROEK, (V) PEARSON), SHOWING 
APPROXIMATE ORIENTATION WITH REGARD TO THE HORIZONTAL OF PELVIC BRIM, ad, IN MALE AND FEMALE. 


18—2 
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anterior to the racial differentiation. If we ask why does this further tilting 
backwards of the pelvis occur in the female, some answer may possibly be found 
in the posture of the female during pregnancy. Fick’ gives, after Kuknow, 
a diagram showing how in the majority of cases the pregnant woman throws the 
entire body backwards round the ankle joint. Such a rotation must of course be 
accompanied by an increase in the horizontality of the pelvic brim. The suggestion 
we make is that the greater tilt from the quadrupedal position of the female 
pelvis is to be associated with the child-bearing function of the female; it is 
a permanent sexual feature of the exaggerated vertical posture in pregnancy. It 
has been suggested that the greater horizontality of the pelvic brim in woman 
is inconsistent with greater lumbar protrusion in the female. Apart from the 
question of sexual difference in the deposition of fat, the greater sacro-pelvic 
angle in the female* would to some extent balance this tilting of the pelvic brim. 
Whether or not we can thus through a chain of linked relations associate the 
lesser retorsion of the female femur with the needs of posture in pregnancy, there 
can be still little doubt that this lesser retorsion of the female femur is precisely 
what we should anticipate from the more anterior eo of the acetabula of the 
pelvis in that sex. 

While the torsion of the shaft and the midtrochlear angle of the fundamental 
triangle appear to have no definitely significant relation to sex, the other two 
angles of the fundamental triangle appear to be definitely differentiated ; the 
collar angle is greater and the capital angle less in the male than the female. 
Thus while the capito-collar axis is depressed in the female, the shortening 
of the length of this axis is such that the midtrochlear angle 
remains unchanged. This must signify that the index capito-collar 
length/shaft length is less in the female than the male, and this is 
actually the case’. Thus if ODC be the fundamental triangle for es. 
the male sex, OD’C” would represent the same triangle for the ° 
female on the basis of mere reduction in size. Actually the capito- 
collar axis is depressed so that C’ moves as to C’ approximately 
along CO, and the capito-collar shaft index is thus reduced. 

Lastly, the obliquity is sensibly greater in the female right 
than the male right; in the left femur they are more nearly equal, 
although the sign being the same as in the right we may reason- 
ably suppose the greater female obliquity to be maintained if at 
a less predominance. The increased obliquity of the female femur 
tends to compensate for the reduced collar angle, for it tends to 
bring the capito-collar axis back to the same inclination to the 
horizon in the two sexes, although it fails to achieve this fully. 


oO 


0 


' Handbuch der Anatomie und Mechanik der Gelenke, Theil 111, 8. 59, Jena, 1911. 
° Le Damany, Journal de l Anatomie et de la Physiologie, Tom. xLu, p. 180, Paris, 1906. Todd, 
lc. p. 134, gives data bearing against the view, however, os the sacrum projects more from the 
vertebral column in females than males. 


* Capito-collar-shaft Index: ¢, R.=20°4, 9, R.=19°8, ¢, L.=20°58, 9, L.=19°5. 
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We now turn to the femoral indices to see what other secondary sexual 
characters than pure size may be noted in the femur. The table on p. 142 gives 
the differences and the probable errors of the differences. 

Now this table is really remarkable. So far from the female femur being only 
different from the male in size, we find that only sixteen out of sixty-six indices 
calculated fail to be either probably or possibly differentiated. In other words, 
sexual differences in shape are very marked indeed, and this is in accordance 
with what we have already learnt of the angles of the femur. Starting with 
those characters in which we find no significant sexual difference in either right 
or left member, we note that: 

(i) neither man nor woman is significantly nearer the ape as nearness is 
measured by the band-radial index ; 

(ii) neither man nor woman is significantly nearer palaeolithic man as measured 
by the primary index of bowing (iii) nor by less gracility in the upper half of 
the shaft ; 

(iv) the relative horizontal thickness of neck and head is not different in the 
two sexes. 

Again we may reasonably treat as non-significant characters which are non- 
significant for one member and only possibly significant for the other. Such 
characters are: (v) Index of Gracility of the lower half of the shaft, (vi) the ratio 
of the two condylar lengths, (vii) the shape of the popliteal section as measured 
by the Index of Popliteal Skewness, (vii) the Popliteal Pyramidal Index, (ix) the 
Soffit Index, or the supra-condylar contraction as measured by the ratio of popliteal 
to bicondylar width, (x) the proportion the popliteal surface bears to the total shaft, 
and (xi) the ratio of proximal to distal epiphysial size as measured by the index 
of capito-collar length to bicondylar width or the Epiphysial Ratio. 

It is worthy of special attention that the characters (v) to (xi) just enumerated 
include the chief of those which have, like (i) to (iv), either been used, or indeed 
especially introduced to measure the divergence of modern man from primitive 
man and from pithecoid types. So far as our data for the femur go they do not 
confirm the views that have been propounded by certain authors that the sexes 
differ by arrested development or that one sex is more primitive or more apelike 
than the other. Those characters in which we cannot assert sexual differentiation 
in man are largely those in which man is most markedly differentiated from his 
progenitors and early collaterals. 

It is not of course asserted that the latter characters cease when we pass 
into the range of probably and certainly significant differences. The indices of 
transverse and sagittal slenderness, the ellipticity of the neck, the indices of 
robusticity of the head and shaft may be undoubtedly used for racial differentiation, 
but roughly it would appear that the indices with most sexual differentiation 
are those with less racial differentiation and wice versa. Nor is this on the 
whole to be wondered at, if we remember that sexual differentiation antedates 
racial differentiation, thus the sexual differentiation of the pelvis is closely alike 
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for man and the anthropoid apes’, but, for this likeness to exist, it must occur in 
those characters chiefly in which man and the apes are not markedly differentiated. 

The reader who has examined the table on p. 142 carefully will certainly have 
noted that while in the non-significant group the plus and minus signs are equally 
distributed, 7.e. in 50°/, of cases the index for the males exceeds and in 50°/, of 
cases it falls short of the index for the females; this is far from being the fact for 
the fifty indices which have possibly, probably or certainly significant differentiation. 
Only ten of these indices are negative, and this very large preponderance of male 
indices over female is obviously a matter which requires elucidation. Let us 
consider first the nature of the indices in which the female has a preponderance 
over the male. They are 

(i) LEllipticity of the Head. (R. and L.) The two diameters of the head 
are nearly equal; all the indices are about 99. 

(ii) Secondary Index of Bowing. (R. and L.) In this case the index 
measures the position of a certain point in an are and can hardly be described 
as the ratio of two more or less independent lengths. 

(ii) Condylar Lengths Index. (R. and L.) This only reaches the possibly 
significant on the left-side, although it is negative on the right. The values of 
all four indices are about 100, we. the lengths of the two condyles are nearly 
equal. 

(iv) External Condylar Length | Bicondylar Width. Here the female has a 
most markedly greater index than the male. While her external condyle is 10°/, less 
than that of the male in length, her bicondylar width is no less than 12°/, less. 
Thus the greater length has in this case the more marked reduction. But we 
must bear in mind that the bicondylar width is not like the bulk of our 
measurements on the femur, an actual length of bone material; it spans as a rule 
(see Diagram D, Plate III) the intercondylar notch, and accordingly its magnitude 
depends largely on the slope of the condyles—especially the internal condyle—to 
the sagittal plane. Unfortunately we have not taken the oblique length of the 
internal condyle, but taking the less inclined external condyle, we find that 
roughly it is inclined at about 11° to the sagittal plane in the male and at 
about 9° in the female. In other words, if the external condyles were of the 
same dimensions in male and female the female bicondylar width would be less 
owing to the external condyle in the male having a greater slope to the sagittal 
plane. There is small doubt that in the male femur the internal condyle slopes 
more than the female to the same plane. But apart from this the length of the 
internal condyle in the female is relative to the length of the external condyle smaller 
in the female. In other words, if the internal condyles in male and female had 
the same slope, the female bicondylar width would be less than the male. Accordingly, 
if all lengths in the female femur were the same percentage less than the male, 
yet the bicondylar width would be reduced at a greater percentage owing to the 
sexual difference of the posture of the condyles to the sagittal plane. Thus the 

1 See the Diagram, p. 138. 
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bicondylar width cannot be looked upon as measurement homologous with other 
femoral measurements. 

(v) Soffit Index, or Popliteal Width / Bicondylar Width. This index is only 
“possibly significant” in both members. Yet the same remarks as in (iv) apply 
here. The popliteal width has been decreased about 10°/,, but the bicondylar 
width by about 12°/, as we pass from male to female. 

(vi) Ellipticity of the Neck. The vertical diameter is here greater than the 
horizontal, the value of the ellipticity being about 76. Hence we have a real 
exception to the rule we are about to propound. Actually the horizontal diameter 
of the neck is reduced in the female about 11°9°/,, while the vertical is reduced 
about 13°5°/,, thus giving the female a greater index. The ellipticity of the neck 
appears to be, however, the only true exception to our rule, and of this it must be said 
that it is an index formed from two short lengths. 

Now we have seen that the female is not a merely reduced male. The female 
femur is not merely reduced in size, but markedly in shape. But in quantitatively 
determining shape we use indices which are the ratios almost invariably of a smaller 
length to a larger length. Now if the male index when significantly different from 
the female be almost invariably larger than the female index, it must follow that the 
reduction in size from male to female obeys the following law : 

The diminution of size in any length of the femur as we pass from male to 
female ts not unform, but is greater for the smaller dimensions. 

In other words, since our general conception of the measurements of slenderness 
and gracility is a small dimension by a large dimension, we conclude that the study 
of the indices demonstrates quantitatively that the female femur does not resemble 
a smaller male but is relatively more slender and gracile in its component parts. 

The table on p. 145 indicates this fundamental law in more detail. It will be 
clear from this table that while size of character is a large factor in determining 
amount of female reduction, it is not the sole factor. In particular the smaller 
reductions in the cases of platymeric transverse diameter, pilastric transverse diameter 
and popliteal width indicate that for small lengths in the direction perpendicular to 
the sagittal plane the reduction is not so great as in the case of small lengths 
perpendicular to the standard vertical plane. The general effect, however, is as we 
have stated, the longer lengths have least percentage reduction and accordingly 
the bulk of the male indices are greater in value than the female indices. 

One of the other points which flows from our classification of sexual differences 
in the femoral indices is that in most cases these indices are differentiated and 
that accordingly it is not legitimate, as several authors have done in the past, to 
club the two sexes together when dealing with the platymeric, pilastric and popliteal 
indices. 

It will be noted that sex-ratio for the various size characters of the femur 
varies from 1°084 for the length of the shaft to 1156 for the minimum vertical 
diameter of the neck. It is probably less for other components of stature than 
the femur. For the maximum length of femur the sex-ratio is 1:098, and for the 
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TaBLe X. Percentage reduction of Male character needful to obtain 
corresponding Female character. ° 


Mean in mm. of Males | Mean, Right and Lef: 
Femoral Character Right and Left values Berosniaee Reduction 
Maximum Length ., ace Pee ee «es die 447-24 8:50 
Oblique Length acs es oe Say 449-42 8:79 
Maximum Trochanteric Length . Sd; bee an 434-60 8°47 
Capito-Trochlear Length . ae oa ae a6 432-28 8:85 
Trochanteric Length apes te Soe se Age 425°81 8:62 
Trochanteric Oblique Length ... pa des ofa 423°50 8:92 
Length of Shaft ... : oo ae as me 377:09 thts) 
Diaphysial Chord . Je sis sis’ a3 eg 252°70 10:03 
Popliteal Length ... Ae ae ba ‘as Lise 121-74 8-71 
Bicondylar Width . mr + ae eae 79-78 12°24 
Capito-collar Length : or +r an 77°12 11-97 
Maximum Length, External Condyle hh tes #53 62°44 10°12 
Maximum Length, Internal Condyle .... ioe am 62-06 10°46 
Oblique Length, External Condyle ae “be ats 61°45 9-70 
Vertical Diameter of Head he fis ae a 46-91 12-72 
Horizontal Diameter of Head ... sh Sai aia 46°49 12°65 
Popliteal Width ... ‘ a ae ae 39°65 9°48 
Minimum Vertical Diameter of Neck ... Aa a 34:04 13°49 
Platymeric Transverse Diameter ee oe 31-60 9:40 
Popliteal Antero-posterior Oblique Diameter ... is 30°79 12°68 
Pilastric Antero-posterior Diameter... seis oe 29°10 12-12 
Pilastric Transverse Diameter ... see aa 27°99 9°67 
Popliteal Antero-posterior Direct Diameter aoe ae 27°92 12°87 
Platymeric Antero-posterior Diameter ... Sia eh 26°74 11°82 
Minimum Horizontal Diameter of Neck aaa ape 25°68 11°94 
External Condyle, Vertical Band-radius os rr, 20°82 11-26 
External Condyle, Horizontal Band-radius... ae 18-89 11-02 
Diaphysial Subtense bc Sue ae at: 6°49 11°65 
iad 


oblique length 1:096. But Galton’ gives it on his data for stature as 1:08, 
while Lee and Pearson’ found it for stature on the average of about 1000 cases 
for each generation 1°083 for the older and 1:075 for the younger generation, 
agreeing in their mean closely with Galton’s value. 

We have left till the last all discussion of the sexual differences in absolute 
size, for these are so well recognised that they have less of interest than the shape 
differences. But we give a table of them on p. 146 marshalled in order of their 
significance. The significance may be judged by the multiple the difference is 
of the probable error of that difference, and this is the most direct method of 
determining the relative magnitude of the sexual difference in type; or by the 
ratio of the difference of the means to the square root of the sum of the squares 
of the standard deviations of the character in the two sexes, which is a good measure 
of how far the distributions round the means are segregated and so the character 
capable of being used effectively as a sex discriminant. 


1 F. Galton, Natural Inheritance, p. 78, London, 1889. 
* Biometrika, Vol. 11, p. 370. 
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It will be seen at once that: 

(i) the means of the absolute characters except in group E, which contains 
the angles, are conspicuously differentiated, the male being in every character 
of Groups A—D larger than the female; 

(ii) the separation of the frequency distributions as measured by the ratio of 
the difference between their means to the square root of the sum of the squares 
of the standard deviations’ is never very marked, its largest value falling short 
of two (1°91, in the case of the bicondylar width of the right femur). 

Thus while the male and female types are markedly differentiated, there will 
in any case be something like 1 femur in 150 of one sex which is above or below, 
as the case may be, the type of the other sex, and accordingly at a minimum 
for the most markedly differentiated character nearly 50 °/, of the femora of one 
sex will fall into the range of the variation of the femora of the other sex. We 
cannot hope therefore adequately to sex the individual femur in more than about 
50 °/, of cases at most by appeal to any one single character. 

The best characters for sexing are those of Group A. They are the diameters 
of the head, bicondylar width, the antero-posterior dimensions of the condyles, and 
the minimum vertical diameter of the neck. Since the diameters of the head 
are very highly correlated and also the lengths of the condyles, we may take 
the four characters, (i) Bicondylar Width, (ii) Horizontal Diameter of Head, 
(111) Oblique Length of External Condyle* and (iv) Minimum Vertical Diameter 
of the Neck, as the best characters for sexing. Our second Group B falls consider- 
ably behind the above except (iv), and substantially represents difference in the longi- 
tudinal measurements. Probably the Oblique Length and the Oblique Trochanteric 
Length are the best characters in this group, and again as they are highly correlated 
together it would be sufficient if any at all are considered to take the oblique 
length. Group D would clearly be of no service at all for sexing, for the best 
characters would give 8°/, about of one sex below or above the type of the 
other, and the worst as much even as 34°/,. Group C does not consist of a 
fairly homogeneous class of characters like Groups A and B, but of a mixture of 
small diameters and medium lengths, e.g. shaft length, diaphysial chord and capito- 
collar length. The latter fall at the bottom of the group and are practically 
useless for sexing purposes. The three main antero-posterior diameters of the 
popliteal region—with which the popliteal oblique antero-posterior diameter may 
be included from Group B—have about equal sexing value with the horizontal 
diameter of the neck. But their values are very considerably below the lengths 
of Group B, and we do not think much insight could be obtained as to sex by 
their inspection, General appreciation of sex apart from muscular characters is 
best given by a study of the dimensions of the condyles and head and neck, taken 


' We do not justify this measure of separation at present on theoretical grounds—it is clearly quite 
a good practical measure of distribution separation. 

* “ Height of condyle above table” in the standard position of the bone. This is easier to measure 
and less frequently damaged than the maximum length. 
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in conjunction with the oblique length as a factor of secondary importance. It 
will be seen that the diameter of the head does not stand alone and is by no 
means so conclusive as some anatomists would have us believe; the bicondylar 
width is somewhat better and the oblique length of the external condyle and 
the minimum vertical diameter of the neck are quite good factors of sex appreciation 
also. 

In dealing, however, with the bicondylar width, the oblique length of the external 
condyle and the vertical diameters of neck and head as probably the best sexing 
characters’, we must constantly bear in mind that they are not independent but 
highly correlated characters. Hence judgments based on these four characters will 
not be themselves of independent weight. We propose to enter a little further 
into these correlations. If we suppose appreciation of sex—not actual sex—to be 
a graduated character and assume for it a normal distribution, then we might 
determine the correlation between appreciation of sex and a given character by 
the biserial process. A consideration, however, arises here from selective influences 
which may tend to reduce the number of female relative to the number of male 
bones preserved. It would be a more reasonable hypothesis to suppose the number 
of male and female bones approximately equal in an actual population and for 
such a population biserial r will differ considerably from the selected population. 
Since selection is also probably of the more slender bones the means and _ possibly 
the standard deviations of male and female may be varied. It is difficult to see 
how this in the present state of our knowledge can be fully allowed for, and we 
usually speak of the male and female means and standard deviations as if they were 
those of an unselected population. All we can do here is to rectify the size of 
the male and female series by making them sensibly equal. In this case if m be 
the mean, and o the standard deviation of the total population, m,,, m,, o,, a» those 
of males and females Epa we have 


= (Mn, + ms), 
=4$(Om' +7) +3 (Imm, — My)’. 
Hence biserial 7, since 2/$(1 —a)='797,8846, will be found to be given by 


Als =i) 
» = 1°258,314 x 2 (7m — My) ; 
VE (one ay o/) a 4 (Mn a My) 


1 The reader may ask why only two of the above characters were used in our discussion of the 
mathematical sexing in Chapter II. The answer is that at the time of the mathematical sexing no 
anatomical sexing nor even an anatomical examination of the bones had been made; the mathematical 
sexing was made on the massed data provided by the measurers and the anatomical sexing was taken 
at a much later date. Thus there was no a priori guide except such statements as those of Dwight as 
to what characters were likely to prove of value, and the great labour involved in the process enforced 
a narrow selection of about twelve characters. It was only after the mathematical was found in accord 
with the general anatomical appreciation of sex that we could then proceed to investigate the best sexing 
characters on the basis of the actually sexed bones. 
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We propose to apply this formula to the following data: 
Means Standard Deviations 
Characters 
R. 3 1h, Bs R. 2 L. ¢ RS L. 3 R. 2 L, 2 
Bicondylar Width 80:147 | 79-404 || 70°123 | 69-886 | 4:025 | 4:109 |) 3:393 | 3-458 
Vertical Diameter of Fiead 47-059 | 46-769 || 41:123 | 40°765 | 2-887 | 2-797 || 2-077 | 2-000 
Ext. Condyle, Oblique Length... | 61:846 | 61:048 |) 55-804 | 55°167 | 3:073 | 3-116 || 2°659 | 2:340 
Vertical Diameter of Neck 33°849 | 34:236 || 29-377 | 29-520 | 2-695 | 2-635 || 1-982 | 1-965 


In the accompanying table we give the results for the biserial correlations’ of 
sex with various characters : 


Right Left Mean of R.+L. 
Characters 
Soon: Equal Observed Equal Observed Equal Observed 

*| Sex Totals | Sex Totals | Sex Totals | Sex Totals Sex Totals | Sex Totals 
Bicondylar Width 1:0062(?) 1:0269 (2) ‘9797 9784 9929 10026 (2) 
Vertical Diameter of Head ... 9562 ‘9641 -9739 9590 “9650 ‘9615 
Ext. Condyle, Oblique Length ‘9081 9041 9145 9063 “9113 9052 
Vertical Diameter of Neck ... 8609 *8509 8926 "8858 8817 8683 


Now we observe at once: (i) That the order of importance for sex differentiation 
is precisely that of our table on p. 147. In other words the bicondylar width 
is the most important sexual character, the vertical diameter of the head the next, 
followed by the oblique length of the external condyle and close to it the vertical 
diameter of the neck. (ii) That in one case, that of the bicondylar width, the 
correlation just exceeds unity, and is therefore impossible. This has occurred before 
although very rarely, 7.e. when the correlation is exceedingly high the deviation 
of the material from a true Gaussian distribution may be such that the biserial 
value may just exceed unity. Theoretically of course for a true Gaussian distribution 
the correlation could only be perfect if the male and female series never overlapped. 
That they do overlap shows that the correlation although very high cannot be 
perfect, much less greater than unity. Hence the observed result must be due to 
either systematic or random deviation from the Gaussian frequency*. (iii) That on 

1 Increasing size of character with increasing certitude of maleness is taken as a positive correlation. 
2 We tried a number of expedients in our endeavours to ascertain the probable source of the 
discrepancy other than the influence of disturbing factors on very high correlation. (i) We omitted all 


bones in which we had marked the bicondylar width with a query. This reduced our ¢ R. bones to 136 
and ? R. to 88, and biserial r came out 1:0073. The result therefore is hardly due to the retention 
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the whole very slight (although sensible) changes are made when we correct the 
observed sex totals by equalising the sexes. After due consideration of the whole 


of defective measurements. (ii) We tabled Parsons’ measurements which are not of the bicondylar 
width but of the width of the lower articulation. The following tables resulted : 


Width of Lower Articulation. Parsons’ Data. 


Right Side. ; 
oe ooo 
60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68} 69 | 70| 71 | 72 | 73| 74| 75 | 76 | 77| 78| 79 | 80) 81 | 82 | 83 | 84 | 85 | 86 | 87 | Totals 
| fi ——— 
3 —|—|— aU DDS 14 ON e2 1 5s DOO SO Sess Nea tale AN 1 oS 
g Pee Bd BU ea RG) AI a teat a) ee ee eS 
Potels|| yy 2 SS SO Gio Oi a2 nN L2 eo ON See ta ese ee ee) ee ea ee 
Left Side. 
¢ {—}]—|—}]—|]—} 1/—}]—}—] 1]/—| 4] 6} 4] 2)12)/10)12) 9)11) 4 
2 1;—|—| 3] 2} 5} 2} 9} 7} 9) 4) 2}—} TJ/—} 1}/—}|—}| —|—J}— 
| Totals 


These give for R., r= -9979 and for L., r=1:0473—numbers agreeing closely with ours, but with the 
anomalous value transferred now to the left side. (iii) To smooth out random irregularities we worked 
the table for observed sex-totals for R. bones in 2 mm. ranges instead of 1 mm. ranges. We found 
v=1:0276. (iv) In order to increase our material we pooled right and left bones for observed sex-totals 
in 2mm. ranges and reached += 1:0007. (v) We slightly increased the sex proportions to represent 
more closely the actual number of adult females dying to adult males, say 51 to 49; 7 came out now 
1:0068, or small changes of this kind are of no importance. (vi) We developed from the equation 
to the normal surface a formula for determining biserial + from the standard deviations of the two 
arrays ; it is: 


TbeN, Wy ee, 
up Mim 2 2 m Ay 2 
We {oi — Om + WV (Mm — my) } 


ieee ; 


n Jai? Wwe 
ah { ar ct crise £ (amy, — my} 


N? 


Fane i 1 and f/ is to be found from Ai gee \ e~2”"dx, Worked out by this control 
J 2a No S2rJn | 

formula we find for bicondylar width of R. bones: Biserial r=-9931. This is, of course, for observed sex 
totals. We have, however, no right to replace the value found for observed sex totals, 7.e. 1:0269 from 


the usual formula: 


where %= 


mM — My 


o%/({N) 
Nyp Nm 
ae (My, — my) 


ee * 


’ 
Nm one Ge Ny Of Nm Np 3 
ay Xx in Ni ain N? (my, me my) 


by this new value simply because the latter is less than unity. Our new control formula does, however, 
indicate that if the correlation be worked on the standard deviations instead of the means of the arrays, 
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matter we determined to adopt the figures in the fifth column of the second table 
on p. 149 as representing with sufficient accuracy the relation between appreciation 
of sex and our four sexually differentiated characters. In doing this we were guided 
by the fact that there is no very great divergence between the results for right 
and left bones nor between the results for equalised and observed sex totals, 
while as shown in the footnote a selection of 30°/, made no substantial difference 
in the value of the correlation. 

In the next place we determined the values of the correlations of the four 
characters with each other. The values were as follows: 


we should get a possible value of biserial 7, and that comfortably close to the value given in the fifth 
column of figures in the second table on p. 149. (vii) There is, however, another aspect of the matter 
which indicates the probable source of the ditticulty, 7.e. the great difference in the standard deviations 
of g¢ and @ bicondylar widths. This suggests (as the totals observed for the sexes also do) far more 
stringent selection of the female bones. (It is of course possible that in time of plague many more men would 
die than women as the latter would have been sent out of London in larger numbers.) We accordingly 
made the hypothesis that selection of the femora takes place according to size increasing uniformly from al/ 
at the arbitrary value of 40 mm. to zero at the arbitrary value of 80 mm. In other words: Observed 


Frequency = Actual Frequency ( -) ; where 5 =o 


1 57 , « being the bicondylar width in mm, Thus 


oa 
40 
we have 


Actual Frequency = Observed Frequency / ( - 1) : 


Reconstructing roughly by this formula we find for our unselected distribution : 


Bicondylar Width, Right Side, Reconstructed Material. 


pene (a ae 
61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 | 71 | 72 | 73 | 74 | 75 | 76 | 77] 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86 | 87 | 88| 89 | Totals 


os |—}—}—!|—}— |} — | — | — | — | 1) 38) 1) 2) 7) 11) 12) 12) 20/10/16)15);18) 9)/11);10] 8) 4) 2) 2) 174 
2 eS 710) 9) Opts toy ON W723) bi 5) 6 3 |) 2 —|—| 139 


Totals} 1} 1] 3) 7/10|}.9| 9)14/15)10) 20) 24) 7)/12/17|15)14)20!10|)16/15)18) 9/11/10) 8) 4) 2) 2} 313 


ekg | 


It is clear that the suggested selection has not been sufficiently stringent to equalise the sexes, but 
it will suttice to show whether it is in the right direction for explaining the anomaly. This table 
leads to: m,=79°704, m,;=69°703, o,,=3:993, o,=3°421; thus providing very little change in the 
variations and only about ‘5 mm. in the mean bicondylar widths. It follows that considerable selective 
action could exist without materially changing means or variations. We deduce for equal sex-totals 
vr =1:0057, and for the above modified sex-totals 1:0040. Both values are lower but still above unity. 
Accordingly selective action is in the right direction, but it would have to be considerably more intense 
than we have assumed it to be in order to bring biserial 7 below unity. 


As we cannot be certain how far the result is due to selective action, and how far to non-normal 
distribution we have not pursued the matter further. We think it not unreasonable, however, to 
assume that the correlation of bicondylar width with appreciation of sex cannot differ much from 
the value given at the top of the fifth column of figures in the second table on p. 149, i.e. may be 
taken as -9929. 
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Correlation of chief Sexually Differentiated Femoral Characters. 
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Male Female 
Character Pair fy ; #3 : 
ean oO f ean oO 
R. is R.+L. ae a B+. 
Bicondylar Width and Vert.) | 7496 4 -0244 | -7702 +0297 | -7599 || -5843+-0476 | 6536+ -0379 | -6190 
Diam. of Head 
Bicondylar Width and nae 6828 +0290 | -6919+-0279 | 6873 || -2974+-0624 | -3878+-0541 | -3426 
Diam. of Neck 
Bicondylar Width and Ext. EAD 4 080k 09 ; ; E p Avis A 
Condyle, Oblique Length} 7602 + 0232 | -7536+-0235 | -7569 6056 + 0440 | -5551+4:0451 5803 
Vert, Diam. of Head and\ | 75804-0201 | -7717+-0189 | -7310 || -6120+-0350 | -6563 + 0298 | -6342 
Vert. Diam. of Neck 
ve Ooadale, Obtene Tonath } | 7067 +0249 | -6419+-0295 | -6743 || -5574+-0418 | 48774-0446 | “5225 
Condyle, Oblique Length 
Vert. Diam. of Neckand Ext.) | .~5 : f : : : F OUR] 4 : 
Oondyle, Oblique Lema 5273 + :°0347 | 5895+ 0338 | -5334 3669 + 0500 | :2751 + -0507 3210 
These are, however not the correlations we require to obtain a maximum 


sex discriminant. We need the correlations for combined sexes. These can be 


found from the formula? 


n nN NpN 
te ! ] i , / 
Wore + W (ae Pe At (1%, — Mp) (Mp! — m/) 
r= ; 
n N, Npn n 
4a ‘m a, ny m Nin ae Np m 7] N\2 
N ofa +a (1m — My)? [Mon+ ; a “ye (Mn — mf) 


where m, f, subscripts a male and female rae dashed and undashed letters 
refer to the two characters correlated. 
From the above formula we deduce: 


Table of combined Sex Correlations for Chief Sexually 
Differentiated Femoral Characters. 


—- 
Character Pair R. L. 
Bicondylar Width and Vert. Diameter of Head 8897 8924 
Bicondylar Width and Vert. Diameter of Neck ... 8030 © 8228 
Bicondylar Width and Oblique Length, External Condyle 8843 8604 
Vert. Diameter of Head and Vert. Diameter of Neck ... 8587 8746 
Vert. Diameter of Head and Oblique Length, External Condyle 8490 8119 
Vert. Diameter of Neck and Oblique Length, External Condyle ‘7337 7247 


It is clear from these results that: (i) the differences of right and left bones’ 
correlations are very small and of the order of the probable errors; it will be 


1 Pearson, Phil. Trans. Vol. 192, A., p. 277. 
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sufficient therefore to use for the correlations the mean of R. and L. values 
throughout ; (ii) the correlations are all high and we shall accordingly gain some- 
what but not very substantially by forming our appreciation of sex on the four 
instead of on any one of the chief sexually differentiated femoral characters. We 
have, accordingly, proceeded to the determination of the linear function of the four 
characters which exhibits the maximum correlation with sex-appreciation. We 
take the subscripts 0 to stand for sex, 1 for bicondylar width, 2 for vertical 
diameter of head, 8 for oblique length of external condyle, and 4 for the vertical 
diameter of neck. 
Our system of correlations will be: 
r,='9929,  1,='8910, 1,4='8305, 
P= 9G 1 5s f= "8723, T=. SOOO; 
T= 9052; P=" O1L29, a Ue 
T= OOGok. 
Our multiple regression equation is: 


XL, — XL. L, — ©. XL,— 2 
= b, ae b, 2 "+b, 3 -+b, 4 4 
oy Co" ro Co; Ge 


I 


Ly — X, L, — X, 


where the b’s are to be determined by: 
9929 = b, + °8910b, + '8723b, + °81296,, 
‘9615 = "8910, + b, + 8305), + 86660,, 
‘9052 = °8723b, + °8305b, + b, + °72920,, 
‘8683 = 8129), + 8666), + °7292b, + b,. 
These give: 
pretnogg p= 2004 Tinh e-oegs “b= "0399. 

It will be seen at once from these values how much more important is the 
bicondylar width than the vertical diameter of the head, and how both of them 
are of far more significance than the oblique length of the external condyle or the 
vertical diameter of the neck. 

Probably the formula: 


Piao) Snopes ie 4 3994 4m: f ® 4 .9gg3 B—% 4 9399 *@—* (BE) 


would apply practically to the sexing of the femora ee any race, if the values of 
the means %,, %,, %,, %,, and the standard deviations o,, o;, o;, o, for that race 
were substituted. These are the means and standard deviations of the characters 
without regard to sex. We should probably, however, get slightly better results 
by substituting separately for right and left bones. We accordingly substitute 
these values for our English femora, where we have from the biserial tables : 


R. L. R. L. 
%,=76:5709 75-6607 o,=61747 60375 
%= 44-5824 44-0992 o,=3°8923  3°8148 
%,=59'1370 58-3719 o3=4:1620  4:0443 
%,=31:9635 32-1525 o,=3°2759 33269 
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Hence we find: for R. side,— 
®— % _ .99656a, + -08283ar,-+ -02121x, + 0121 8a, — 12°73007, 

and for L. cen 
%—=% _ 098750, +-08451a,-+ 02183x, + -011992,—12'85808. 


0 


But we have about 202 ¢ to 141 ? right bones, or the value of the dividing 


line between judgment as male and as female is (%—&,)/o,= —°22477". Further 
we have about 205 ¢ to 155 2 left bones, or the value of the dividing line between 
judgment as male and as female is in this case (%,—2,)/o= —‘17496. We can 


accordingly sum up our anatomical results in the following manner : 

A right bone will be appreciated as male or female according as: 

09656x, + 08283x,+ 021214”, +°01218%, is > or < 12°50530. 

A left bone will be appreciated as male or female according as: 

09875x,+ °08451x, + °02183x%,+ 011997, is > or < 12°68312. . 
We can put these into the forms: 
For right bone: 
‘77222, + °6624x, + °1696%,+ °0974x, > or < 100. 

For left bone: 

‘7786x, + °6663x,+°1721x%,+°0945x, > or < 100. 

These results differ so slightly that it is probably just as accurate to use the 
mean of them for either bone. Accordingly we conclude that if the measurements 
be taken in millimetres a bone will be appreciated as male or female according as: 
(‘7754 x Bicondylar Width + °6643 x Vertical Diameter of Head + ‘1709 x Oblique 
Length of External Condyle+°0960 x Minimum Vertical Diameter of the Neck) is 
or is not greater than 100. This result is only deduced for our seventeenth century 
London bones, but it is not improbable that it has a wider application, and, if not, 
a more suitable formula can be deduced by substituting in Equation (E) on p. 153 
the observed values for the mean and standard deviations of any other unsexed 
material. Of course when the above expression approaches closely to 100 the sex 
will be doubtful. To appreciate what we must not consider “close” we note 
that the value of the expression for the typical male femur is 107°23 and. for 
the typical female femur is 94°05*. 

The data below illustrate the result of sexing by the above inequality. 

* The negative sign must be given because the origin of sex appreciation is on the male side of the 
sex division. 

* It is desirable to impress upon the reader that the above formula does not fiz the sex. By its 
deviation from 100, it measures the most probable or mean sex appreciation of all femora having the 
given characters, but unless the deviation from 100 is very considerable some of these femora will 
be males and some females, according to the anatomical appreciation. It would seem desirable 


accordingly to label femora from 96 to 100 as 9? and 100 to 104 as ¢ 2, or possibly even to regard 99 
to 101 as merely 2. 
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Starting with W. 73 we took the 32 male femora which followed and had the 
four characters given, using if needful queried values. Starting with W. 24 we 
took the 32 female crania which followed under the same conditions’. 


Sex Value Anat, Sex Value Anat, Sex Value Anat. | Sex Value Anat. 
IIB Bh é 104°8 ¢ 3 98:7 49 Q 94:09 Q 
112-4 ¢ é 10471 ¢ 3 97:9179 gt 93°79 Q 
1113 g Es 103-77 ¢ 97-499 $1 93-69 91 
109-3 g ¢ 103-494 ¢ 96-729 Q4 93-19 Q 
109-1 3 3 103:22¢ Q 96:429 ie} 92:9 2 ie) 
107°9 g é 103:123 Q 96:2 79 3} 92°9 9 se) 
107°8 ¢ é 103:024 3 96:029 is) 91:8 9 2 
107-4 g $ 102-82 $ 95:7 2 ) 91-09 ) 
107-4 3 ¢ 102-1%¢ é 95:6 9 Q 90-5 9 9 
106:9 g 3 101:62¢ - Gal: 95:6 9° °) 90°29 ie) 
105-9 ¢ 101-479 re) 95-0 9 Q4 89-0 9 Q 
105-6 ¢ g 101°3%¢ Q 94:9 9 Q 88-9 9 9 
105-6 ¢ ¢ 1009 2 $ 94:8 9 9 88-8 9 1 
105-4 ¢ ¢ 99-4 2 ¢ 94-7 9 ot 87-9 9 2 
105°3 3 & Wa) Q 94:6 @ Q 84:0 2 Q 
1051¢ ¢ 98-919 Pe) 94:2 9 Q 82-9 9 Q 


It will be observed that all the femora called definitely ¢ by the sex-value 
method are termed male by the anatomist; that all the 25 femora given as 
definitely female by the sex-value method are termed definitely female by the 
anatomist except three, one of which is given as doubtfully male and shows 
signs of syphilis and two as doubtfully female. Of the three individuals marked 
as 8 by the sex-value method, the first, just over 100, is given as male by the 
anatomist and the two just under 100 as one male and one female. Of the 10 
marked as ¢? by the sex-value method, six are given as definitely 3g, there is 
one f? and three are called female by the anatomist. Of the 8 femora recorded as ¢? 
by the sex-value method three are given as female and one as ?? by the anatomist 
and four as ¢?. ‘Thus the sex-value method, which may be taken to represent a 
smoothing or graduation of anatomical opinion, gives results in very reasonable 
accordance with anatomical opinion of the sex of individual bones. It could not 
have been obtained without a previous anatomical judgment of a long series, but 
having been obtained is probably of more value than the individual anatomical 
judgments in each discordant instance. 

If we put aside general appreciation of sex from muscularity—possibly no 
very certain guide if the graves investigated contain a mixture of classes—then 
many anatomists probably judge largely by apparent size of epiphyses. It may 
be questioned whether the absolute measurements of the epiphysial characters 
and the use of a formula like that just given may not be more effective. It is 
further possible that such a formula might be of service in certain cases of 
medical jurisprudence. The tables on which the above investigations are based 
will be found on the following pages. 

1 Tf it were desired to sex a bone in which one or more of the required characters failed it would 


be needful to work out the two and three variable regression equations for the known variables. 
20—2 
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CHAPTER V 


THE VARIABILITY OF THE ENGLISH FEMUR, ITS COMPARISON WITH THAT OF OTHER 
RACES AND OF OTHER BONES, AND THE INFLUENCE OF SIDE AND SEX 


(i) Tabulated Results and General Remarks. 


Our results are arranged in the following four tables. Table I gives the 
standard deviations of the absolute measurements, both lengths and angles. 
Table II gives the standard deviations of the indices. Table III gives the coefficients 
of variation—that is the percentage of the standard deviation or variability on 
the mean values of the characters for the absolute measurements, and Table IV 
provides the coefficients of variation for the indices. We do not here enter at length 
into the question of the meaning of the coefficient of variation in the case of 
angles or of indices. We believe it to be a truer measure of variation in an 
absolute length than a standard deviation. What is quite clear is that it would 
be absurd to compare the standard deviation of the vertical diameter of the 
head with that of the trochanteric length in order to determine which feature 
is the more variable, but their coefficients of variation can be reasonably compared. 
We may look at the matter from the following illustrative standpoint: Suppose 
the female to be only a somewhat reduced male. Then we may suppose the 
female individual population to be obtained from the male by multiplying each 
individual male by the reducing factor \, which might well be taken to be the ratio 
of type female to type male. After this process every single angle and every single 
index of the female individual population would correspond to those of some 
individual male—in other words no change at all would have taken place in the 
variabilities of angles and of indices. On the other hand the variabilities of 
absolute female measurements would be the male variabilities multiplied by i, or 
reduced in the same ratio as the absolute lengths themselves. For this reason, if 
we take \ to be the ratio of the types, it is clear that the coefficient of variation is 
a reasonable measure of the relative variability of absolute measurements. The use 
of this coefficient however is less justifiable in the case of indices or angles, where 
the idea of absolute size is already removed. We could for example conceive a race’ 
in which the mean torsional angle as in the orang is practically zero by the balancing 
of positive and negative torsions. In such a case the standard deviation of the 
angle would give real information, but to say that its coefficient of variation was 
infinite would not convey any useful information as to the variability of the angle. 

' Say the Veddah: see Rodriguez, Bibl. 101. 
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A STUDY OF THE LONG BONES OF THE ENGLISH SKELETON 
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Again the obliquity in the case of the individual chimpanzee may be zero or even 
negative; suppose a being in which it was truly zero in the type, shall we say 
that its variation is infinite? If so, why not take the obliquity to be measured 
from the horizontal instead of the vertical? The type will now be 90° and the 
variation cease to be infinite! Clearly the variation of angles, and, we may add, 
of indices, is of a different character to that of absolute sizes. In the latter case 
the size of the character is determined by the existence of a certain number of 
cells and by the size of those cells. If all cells were of the same size (s) and 
the distribution of their number followed the binomial law we might anticipate 
that the mean would be of form ngs and the standard deviation of the form 
J/npq xs. In this case the coefficient s.p.//mean = Jp x s might possibly approximate 
to a constant; but, if s be on the whole constant, p must have very different 
values for different characters to judge by applying such a formula to our data’. 


‘ 2 
On such hypothesis the coefficient of variation would be Cs qi ; and if p 


were constant would vary as the inverse square root of the number of cells in 
the length measured, or, on the assumption that cells are of the same size, 
inversely as the square roots of the lengths of the characters. This again does 
not fit our data, although it is very roughly true that the greater the lengths the 
smaller are the coefficients of variation. It appears therefore a posteriori as well 
as a priory probable that length characters are not capable, even roughly, of being 
treated in the matter of variation as built up of a number of equal sized cells, and 
that the differences between two individuals may depend not only on the number of 
cells, but on difference in the size of the cells. A most important investigation 
could be made by endeavouring to ascertain at an early stage of development 
the difference between individuals in the matter of size and number of cells forming 
a given character. But we do not think at present that any definite results as 
to these points can be made out from tabulated values of standard deviations 
and coefficients of variation. It is indeed as yet impossible to say how far higher 
values of the variation in small lengths may not be due to the increased proportional 
inaccuracy of reading such lengths, ¢.e. a *3 mm. error made in reading the diameter 
of a femoral head is (roughly) ten times as important as in reading a femoral length. 


(ii) Comparatie Racial Variability. 


We have very little here to go upon. Pearson and Lee have calculated 
the variability of the lengths of the chief long bones in Aino and French’, and 
Warren provides the variability for three lengths, three angles and two indices 


* Thorndyke (see Mental and Social Measurements, p. 133) without any reference to cells or without 
giving any valid reason has suggested as a coefficient of variation the standard deviation divided by the 
square root of the mean. The fallacy of such a measure of variation is seen at once when we consider 
that it depends on the scale on which measurements are read, and it would be impossible to compare the 
variability of a character which had to be read in microns with one which had to be read in centimetres. 

® Bibl. 76 bis. 
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of the femur in the case of the Naqada Egyptian material’. The capito-collar length 
variability is also provided by Pearson and Lee. With the exception of Warren 
not a single writer on the femur has calculated the variability of its characters. 
This, owing to paucity of material, would be impossible in the cases of Lehmann- 
Nitzsche, Martin and Mollison. Something might have been done for Schwerz’s 
material had he provided the individual measurements as he had considerable 
numbers. Parsons gives not a single measure of variability although his numbers 
justify it. As, however, so few of his measurements are comparable with ours, 
we have not spent our limited energies in reducing his data except in a few 
isolated cases. Koganei’s numbers for Aino and Japanese are slender, and his 
platymeric measurements and capito-collar lengths not fully comparable with ours, 
but possibly his trochanteric length, his bicondylar width and his pilastric measure- 
ments are worth consideration. Hepburn’s data’ for modern British femora fall into 
the same class. Evangeli-Tramond’s material is still more slender, z.e. 30 of each 
side and sex, and as there was considerable difficulty about a number of his indices 
arising from misprints and interchanges of columns in his tables, we gave up 
regretfully after trial the calculation of his variabilities. 

We will now consider the available material and the inferences to be drawn 


from it. 


Maximum Length. 


* See note as to London material which holds for Rothwell also. 


8.D. C. of VY. 
Race ri 2 g g 

No Value No. Value No. Value No. Value 
Aino (R. +L.) 44 16°12 25 15:89 44 3°95 25 4:16 
Naqada oy) ee 80 PAN) 1 US? 20°75 80 5°48 ES 4°87 
Rothwell ‘ Medieval ’ (mean, R. ‘and L.) 89* | 19°34 b2* 1) 20-92 89 4-29 52 5:00 
London, 17th century Snare iat fae, 2217 | 22-29 | 1767 | 20°58 | 221 4-97 176 5°03 
French (R. + L.) ye 50 | 23°72 | 50 22-55 50 5-43 | 50 5:43 


+ Throughout these tables the mean of the total numbers on R. and L. sides has been given in these 


columns for the London material. The results therefore are based on twice the number of femora 
recorded. ; 
Trochanteric Length. 
S.D. C. of V. 
Race ce a rs g 
No. Value No. Valiie: No. Value No. Value 
Aino (R. + L.) 4) 17°89 25 | 15°78 4] 4°58 25 4°32 
London, 17th century (mean, R.and L) 198 | 21:00 | 153 | 19:34 | 198 | 4:93 153 | 4:97 


= Bibly Wie 


* Hepburn’s anomalous femur P is omitted. 
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Oblique Length. 


(8 ee 
: 8.D. C. of V, 
Race 2 g ? 
No. Value No. | Value No Value No. Value 
Naqada (R.) .. 80 | 24:93 | 113 | 20°83 80 | 5:47 113 | 4:93 
Rothwell, ‘Medieval’ (mean, R. ‘and L, ) 86 | 19:24 52 | 19°93 86 4:23 52 4:79 
London, 17th century (mean, R.and L.) | 208 | 21:90 | 165 | 20:52 | 208 4-99 165 5:06 
Modern British (R. + L.) ie 42 | 17°85 — — 42 3°89 — — 
Capito-Collar Length. 
8.D. C. of V. 
Race 3 ? 3 g 
| No. Value No. Value No. Value No. Value 
Aino (R. +L)... 49 3:93, 24 | 2°69 42 5-79 24 | 4°34 
Nagqada (R.) . 43 | 4:94 61 4:50 43 6°90 61 6-91 
London, 17th century (mean, R. and L. ) 228 | 7:00 175 6-29 228 |. 9:08 175" | 9-26 
Bicondylar Width. 
8.D. C. of V 
Race g g g 
No. Value No. Value No. Value No. Value 
Aino ... 36 | 3:21 22 | 2°48 36 4:08 22 3°47 
[Rothwell*, ‘Medieval’ (mean, R. and L.) 80 | 3°63 45 | 2-67 80 | 4:73 45 | 3-94] 
London, 17th century (mean, R.and L. +) 158 | 4:07 108 | 3°43 158 | 5:10 108 | 4:89 
Modern British (R.+L.) — ... 35 6°38 — _ 35 | 7:66 — — 


* Width of articulation of distal epiphysis. 


Koganei has unfortunately not taken the diameters of his femoral head. 
Parsons has taken the projection of the diameter of the head on a plane perpendicular 
to the axis of the neck, which besides giving a measurement incomparable with 
ours is open in the case of variation to the error of setting the bars of the callipers 
We can therefore only legitimately compare 


“parallel to the long axis of the neck.” 


our results with Hepburn’s. 


Diameter of Head. 


8.D. C. of V. 
Race g cg 2 
No. Value No. Value No. Value No. Value 
[ Rothwell, ‘Medieval’ (mean, R. and L.) | 87 | 2:36 53 | 1:94 87 | 4:80 53 | 4:58] 
London, 17th century (mean, R. and L. 2 208 | 2:84 159 2°04 208 | 6:06 159 | 4:98 
Modern British (R.+L.) — ... 39 | 4:79 — -— 39 | 10:07 — -- 
Modern American, with cartilages 200 | 2°67 200 2°63 200 537 200 | 6:00 
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For the platymeric diameters comparison is less legitimate because of differences 
in the manner of measuring. We find however: 


Platymeric Diameters. 


Antero-Posterior Direct Transverse 
E 8.D. C. of V. $.D. C. of V. 
Race ma 
& 4 & g é 3 fo $ 
Es : 3 Pro bopanpa se ma ete bs |'2 
| S Pee Wea ee hl i be LA | 
Aino (R. +L.) : ae Ma ... | 47/1:99] 20/1°49] 47] 8°37) 20/6-99| 47/1:93| 20 1:80 | 47|5:98| 20|5-97 
Rothwell, ‘Medieval’ (mean, R.&L.) | 92/ 2:07} 54|1-69} 92] 7-14| 54|6-66| 92/2:66| 54/2-70| 9217903) 54] 7-53 
London, 17th cent. (mean, R. & L.) | 242 | 1:95 | 186 | 1-70 | 242 | 7-28) 186 | 7°19 | 242 | 2-85 | 186 | 2-42 | 242 | 9-03 | 186 | 8-46 
Modern British (R.+L.)  ... %. | 43 2°79 | — | — 9} 43:110°48) 9) —— I, 431/28997-) = 1) —= |} 431981) — | — 


We next turn to the pilastric diameters and obtain the following results : 


Pilastric Diameters. 


L Antero-Posterior Transverse 
8.D. C. of V. 8.D. C. of V. 
Race 3 2 E 2 pn hoes 3 2 
Te Oreo y ol Lore pore te |= | F 
Aino (R. +L.) =. a 7. | 46}2°30} 20} 2°20! 46) 8-29] 20/8:93) 46)1°77) 20/1°39| 46/6-65] 20) 5-70 
Rothwell, ‘Medieval’ (mean, R.& L.) | 92|2°37| 34] 2°24) 92|7:43) 54/809) — | — | —} — | —}] —/}—| — 
London, 17th cent. (mean, R. & L.) | 244 | 2°35 | 191) 2°07 | 244 | 8-07 | 191 | 8-12 | 244 | 2:12 | 191] 1-99 | 244 | 7-57 | 191 | 7°87 
Modern British (RB. + L.) .. | 48/297) —| — 43 9°93 | —s | 43 | 2°58); — | — 43 9°42) — | — 


Such is all the material we can exhibit for variation of the absolute lengths. 
We have ten characters or twenty coefficients in all if we note that there are 
results for the two sexes. If we compare the Aino and our London femora, we have 
sixteen coeflicients for comparison, and of these thirteen are greater in the London 
femur. The three cases in which the Aino femur is more variable are the direct 
platymeric antero-posterior diameter in males and the pilastric antero-posterior 
diameter in both males and females, but it is doubtful if any stress can be laid 
on these exceptions, at any rate as compared with remarkable difference in variability 
of both platymeric and pilastric transverse diameters. A comparison of the six 
coefficients available in the case of Naqada and London femora, show four in excess in 
the London femora. But the material is too small for a judgment of any value. 
If we consider the matter in relation to sex we have for eight characters 
in the coefficient of variations: 
Mean London Male coefficient =7:00, 
Mean London Female coefficient = 6°97. 
In five the female is in excess, in three the male. 
Mean Aino Male coefficient = 6°07, 
Mean Aino Female coefficient = 5°48. 
In two the female is in excess in eight the male. 


ik P. 22 
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These results appear to be generally in accordance with those reached by Pearson 
and Lee in 1897, namely that the primitive race is less variable than the civilised 
race, and that with civilisation woman tends to gain in variability on man. 
Such results would flow from the selection becoming less intense for women as 
civilisation advanced’. 

We now turn to such angular variabilities as are available for comparison. 
Here we have no Aino material to help us out, nor does Hepburn provide anything. 
We are therefore forced to confine our attention to the comparison of Naqada and 
London English. We take first the cervical or collar angle. 


Cervical or Collar Angle. 


8.D. COE Vi. 
Race rd g g g 
No. Value No. Value No. Value No. Value 
Nagada (R.) ... ve 50k aie 45 | 5°58 88 | 6°:08 45 4:47 88 4:79 
Rothwell, ‘Medieva]’ (mean, R. and L.) 92 | 5°-40 53 | 4°:16 92 4:28 53: | 3°32 
London, 17th century (mean, R.andL.) | 228 | 6°60 | 175 | 7°-26 | 228 5:04 175 5:59 


We take next the obliquity’. 
Obliquity. 


. 8.D. C. of V. 
Race 3 g o g 


i. 
No. | Value No. | Value No. | Value | No. Value 


Naqada (R.) ... Sa es nes 80 | 2°-06 113 | 2°:32 80 | 35:66 | 113 | 32-08 
Rothwell, ‘Medieval’ (mean, R. and L.) 84 | 1°93 BOT. 2." Le 84 | 20°51 00 | 20°64 
London, 17th century (mean, R.and L.) | 226 | 1°95 | 171 | 2°02 | 226 | 19-77 | 171 | 19-40 


No stress can here be laid on the apparently greater variability of the Naqada 
femora, for Warren is not measuring the true obliquity, and further the right 
member for both sexes has a less obliquity and a greater variation’. However 


‘ It may of course be doubted whether we have got the full variability of the women for in our 
plague pit material there are more men roughly than women by a third. There has thus been ante-mortem 
(departure from London to escape the plague) or post-mortem (destruction of less stout bones) selection 
of female bones, and of course the Aino bones may have been still more stringently selected. This 
question of selection is too often disregarded. We have shewn, indeed, in Chapter III (p. 151, ftn.) that 
a selection of upwards of 30°/, may not largely disturb mean and standard deviation. But when 
material is used where there are fowr times the number of males that there are females, we must seriously 
question either the sexing or the suitability of the material for testing variation, especially when the 
male material is found almost invariably greater in variability than the female. This aspect of the 
problem does not seem to have occurred to Dr Young in his discussion of variability in his recent and in 
many respects admirable memoir on the Scottish skull (Z’rans. R. S. Edinburgh, Vol. 11, 1916, pp. 347 
et seq.): see especially p, 389. 

* For the Naqada femora Warren only gives the pseudo-obliquity: see our p. 31. 

* London R. bones give 2°-02, 2°14, 23-23, 22°73 respectively for ¢ and 9 S.D.’s and C. of V.’s. 


a 
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for London R. bones there is sensibly no difference in the variation of the obliquity 
as measured by the standard deviations from the pseudo-obliquity variation of 
the Naqada bones. 

Lastly we take the torsion measured in the Naqada case by a somewhat different 
procedure, which, we believe tends to exaggerate the torsion. 


Torsion. 
8.D. C. of V. 
Race é g co 3 
=e 


No. Value No. Value No. Value No. Value 


Naqada (R.) ... ide a =. A5 | 8°-07 Si wes 45 | 37-12 87 | 29-80 
Rothwell, ‘Medieval’ (mean, R. and L.) 83 | 8°:42 50 | 9°:44 83 | 63°84 50 | 56-24 
London, 17th century (mean, R.and L.) | 205 | 8°:99 Ise) Be 2OSmmOo om lol weO2°87 


Judging by the standard deviations of all three angles the females are more 
variable than the males in the more modern (London) bones; they are more variable 
than the male in two out of the three angles in the ancient (Aino) bones, but the 
variation differences in the more reliable measurements, the collar and torsional angles, 
are less in the ancient bones. In our opinion the high coefficients of variation in 
the obliquity and torsion are of no significance, any more than the low coefficients 
in the case of the collar angle. If the collar angle and obliquity had been measured 
from the horizontal instead of the vertical, the relative coefficients of variation 
would have been just reversed! Such coefficients are in the cases of angles of a 
wholly artificial character. 

We now turn to the few indices of which we have knowledge of comparative 
variation. Warren unfortunately does not give pilastric or platymeric measure- 
ments, but provides the bust-ratio and the bust-shaft index. Unluckily his determi- 
nation of the capito-collar axis is by the appreciative fixing on anterior and 
posterior surfaces of the coaxial point, which we felt compelled to relinquish. 


Primary Bust-Ratio (Capito-Collar Length/Maximum Length). 


8.D. C. of VY. 
Race cy 9 é ? 
No. Value No. Value No. Value No. | Value 
Nagqada (R.) ... Ape oe ae 45 85 87 Tz 45 5°35 87 4:67 
London, 17th century (R.) ... see |i ae) 1:59 157 1:70 213 9-22 157 | 10-16 


If we can trust the different methods of measurement to give reliable com- 
parative results there is no doubt that the modern bones are much more 


variable than the ancient. 
VY 
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Turning now to the bust-shaft index we have: 


Bust-Shaft Index (Capito-Collar Length/Shaft Length). 


Naqada (R.) .. 
London, 17th ¢ 


entury (B.) he 


No. Value 
45 1-06 
227 2:18 


No. Value No. Value No. Value 
87 ‘90 45 | 5-76 87 5:04 
167 2-41 Dill 10°71 167 12°16 


Here again there is no doubt about the greater variability of the modern 
bones, provided we are justified in comparing results reached by the two processes. 
Some light may be thrown on this point by giving our results for the capito- 
collar and shaft lengths as found by Warren’s process and our own finally adopted 
method; we did not, however, calculate the 800 indices by the old as well as 


the new method: 


Mean Seb: C. of V. 
London Femora Warren’s Our Warren’s Our Warren’s | Our 
Process Process Process Process Process Process 

Capito-Collar Length ¢ R.| 79°308 + °254 77-037 + °318| 5:580+:180} 7:110+-225 | 7-035 + -228 | 9-229 + -295 
> os, Le | 79°747 + -233| 77-2124 -307| 5-2514°165| 6-884 4-217 | 6-584 + -208 | 8-916 + -283 

- 4 be 9 R.| 70°623+-266|] 68°380+ -330| 5°165+:188] 6:331 + -234 | 7-314 + :268 | 9:259 + -345 

$5 % OL.| 70:842+-217) 67:396+ -312| 4:3684-154| 6:240+-221 | 6-166 + :218 | 9-259 + -330 
Shaft Length ¢ R 382-413 + 892 | 377-980+ 933 | 19-534 + -631 | 20-837 + -660 | 5-108 + 165 | 5-513 +:175 
a oe 6: 381-210 + °850 | 376°203+ +935 | 19°146+ 601 | 20-983 + -661 | 5:022 + -158 | 5-578 + -176 

<u eta Oue 351-459 + 973 | 347-883 + 1-072 | 18-855 + -688 | 20539 + -758 | 5-365 + 196 | 5-904 + -219 

+ Onl: 3507152 + -964 | 347-604 +1:107 | 19°391 + -682 | 18°514 + -654 | 5-538 + -195 | 5-326 + 189 


It will be seen that the result of our process 
shaft length and also the capito-collar length, or in 
coaxial point toward the mesial side and so increase the collar angle. 
other hand our process shows slightly greater variation in the shaft length and 
much greater variation in the capito-collar length. 
the variations in our lengths are greater than those given by the process adopted 


by Warren we discarded the latter. 


has been to decrease the 
other words to bring the 


On the 


It may be asked why, if 


The answer is that we believe that such 


an important character as the collar angle ought to be determined by a process 
which is purely mechanical and not open to personal equation in a marked manner. 
Warren’s method leaves the determination of the axis of neck and shaft to ocular 
appreciation, and the result is that a certain form of triangle CDO is we believe 
liable to impress itself on the mind and prejudice us in favour of a more constant 


collar angle CDO than a purely mechanical process’. 


At the same time the 


* Warren’s description (Bibl. 77, p. 137) is rather vague; he does not say how “the central point 
(C) of the inner surface of the head” is to be determined, only that it is readily found. He does not 
define his point D which we take to be our O, the mid-trochlear point. 


Further he tells us that “if lines 
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difference in variability of the measurements obtained by the two processes renders 
it impossible for us to be very emphatic about the excess of variation in these two 
indices. 

We can, however, approach the matter from another standpoint. The coefficient 
of variation v, of an index 1=100e/y is given in terms of the coefficients of 
variation of « and y by the approximate formula 


v,=VJ0,7 + Ge a0 UT ae 
where r,, 1s the correlation of x and y. 


Now we found, using Warren’s process, that the correlations of capito- 
collar length with oblique length and shaft length in London material were: 


sR. | oun g R. ie 
Sail 
Capito-Collar Length and Maximum Length | +°578 + 032 | + 467 + -037 | +°319 + 049 | + 319 + 047 
Capito-Collar Length and Shaft Length ... | +-412 + 038 | + -366 + 038 | + -254 + 048 | + °184 + -048 


Now these values would certainly not be much modified if we had used 
maximum length instead of oblique length. Accordingly using the above formula 
we find for the coefficient of variation of the bust-ratio and bust-shaft index 
deduced for our London material by Warren’s process: 


te oR. él. ¢ R. oes 


Bust-Ratio ... 556 5-815 6:1 
Bust-Shaft Index boa 5-474 5-6 


These variations, although not nearly as large as those found by our process, 
are still in excess of the Naqada values. Further while the female is here in 
excess of the male variability in every case, in the Naqada she was in defect. Thus 
we again confirm the views stated above as to primitive and more modern peoples. 

We now turn to the last pair of indices for which we can make comparisons 
of variability, namely the platymeric and pilastric indices. The Aino results 
show some irregularity most probably owing to the paucity, especially of female, 
bones. But the prehistoric Alemanns of the Row-Graves demonstrate even with 
the heterogeneity due to mixed sexes that the more civilised race is substantially 
more variable. 


be drawn parallel to the axes of the neck and shaft they will intersect at a point O,” our coaxial point. 
But he does not tell us how to draw these lines, and it is a convention not a necessity that the axes of 
neck and shaft should pass through his C and D respectively. It seems to us that what he actually did was 
what we first did, mark by ocular appreciation the coaxial point on anterior and posterior surfaces, and 
then apply the calipers; we believe that this process leads the recorder to a more or less conventional 
triangle and so lessens the variability. Further the calipers’ length is not in the plane of the collar axis, 
but is exaggerated and so lessens the collar angle. 
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Platymeric Index. 


No. 


Aino (R.+L.) .. : 47 
Row-Grave Re (R. + Te 8 + 9) 970 
Rothwell, ‘Medieval’ (mean, R. and LES eo 93 
London, ‘With century (mean, R. and T.) 242 
Modern British (R. + L.) : Sap 43 


Pilastric Index. 


8.D. C. of V. 


Race 3 2 ry 2 


tie Value No. Value No. Value No. Value 
Aino (R.+L.)  ... 46 | 881 20 | 10:24 46 | 8:42 20 | 10:12 
Row-Grave Alemanns* (R. + Le ‘3g + 9) 970! 19109 (C970 SEYF-TO S970 6°70 MOTO 6°70 
London, 17th century (mean, R. and Ld 244 | 940 | 190 | 9:29 | 244 | 9:00 | 190 | 9:15 
Modern British (R. + L.) 43 | 8-53 — -- 43 | 7:92 —- — 


* We have calculated these results from the data given by Schwerz, Bib]. 107, 8. 655, but the table 
given there is not self-consistent. Schwerz combines R. and L., ¢ and @ so that his total number is much 
exaggerated as compared with our 244, The comparison should be between 870 and 970 bones, roughly. 


Thus the whole of the racial material we have been able to compare seems to 
confirm the view expressed in 1897 that in uncivilised races there is less variability 
than in civilised races, which we interpret to mean that the adult is kept closer 
to type by more stringent physical selection. 


(iii) Comparative Variability of Left and Right Side. 


We now turn to the comparative variability of right and left side. We 
have first to ascertain exactly, as in the previous chapter, which differences are 
significant. Since the absolute lengths for R. and L. are so closely in accordance 
it will be adequate to compare the standard deviations of right and left side and we 
need not consider their coefficients of variation. Further to bring out one or two 
points we shall keep the differences in the order of the fundamental classification. 

The appearance of this table is remarkable; only one difference exceeds three 
times its probable error—the female popliteal antero-posterior direct diameter. And 
here the sign of the difference is reversed in the male bones. The excessive variability 
of this diameter in the female bones is to a large extent due to the presence of two 
outlyers in the R. bones which we have found no justification for rejecting. The 
reversal of sign in the male bones does not permit, however, of our asserting generally 
that the right bone is more variable than the left in popliteal antero-posterior direct 
diameter. For other characters we only reach possible significance in : 
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TaBLeE V. Dnofferences of Standard Deviations with Probable Errors. 


Male 
Character 
Arn + a 
Maximum Length... AX ae — :034+ 1-010 c= — -941+ 1-047 = -90 
Trochanteric Length as nee — ‘736 +1:008 = (5) — 434+ 1:026 + atl) 
Max. Trochanteric Length ae —1:113 + 1:037 — 1:07 — 9254 1:034 — 89 
Oblique Length ... rate — 455+ 1-024 ay AA: — ‘794+ 1-030 = Hit 
Trochanteric. Oblique Length as) — 889+ 1-049 — ‘85 — *204+4 1-095 - ‘19 
Vert. Diam. of Head + 090+ :133 + *68 + ‘O77+ -110 + ‘70 
Horiz. Diam. of Head + 227+ +134 + 1:69 + ‘047+ +113 ae nl) 
Horiz. Diam. of Neck + "159+ -094 + 1°69 — ‘061+ -090 — ‘68 
Vert. Diam. of Neck + 060+ -119 + ‘50 + 017+ -101 + ‘17 
Platymeric A. P. Diam. ... $3 — ‘091+ -084 — 1:08 + ‘119+ -084 peed 
Platymeric Trans. Diam. ... me + “187+ +124 ay, Sail + ‘286+ -121 + 2°36 
Pilastric A. P. Diam. fine Bae — 128+ -092 — 1°39 — 093+ -101 — 92 
Pilastric Trans. Diam. ... ak + ‘1382+ +102 cee 9 — 089+ -097 = yy 
Popliteal Length ... se By +1:418+ ‘712 + 1:99 Soe OUl techs —1:15 
Popliteal Width ... ae + ‘059+ ‘175 + 34 + 229+ -163 — 1:40 
Popliteal Direct A. P. Diam. ee — ‘238+ -110 — 2°16 + 525+ -:106 + 4°95 
Popliteal Oblique A. P. Diam. ...| -— ‘119+ ‘111 — 1:08 + ‘245+ -101 + 2°43 
Bicondylar Width ig : — ‘084+ :217 — °39 — ‘065+ 222 Bes 29 
Max. Length, Ext. Condyle + 066+ 152 + 43 + ‘169+ -150 + 1:13 
Max. Length, Int. Condyle + F119 + +164 a5 « OF! — 087+ +158 2 ays 
Oblique Length, Ext. Condyle ... — 043+ +145 — 30 + 319+ +139 + 2°29 
Horiz. Band-radius, Ext. Condyle +107 + 097 +1:10 + ‘036+ +105 + 34 
Vert. Band-radius, Ext. Condyle... + 066+ -090 + “73 + 058+ -098 + 59 
Diaphysial Subtense — ea + 046+ -079 + 58 + *132+ 085 + 1:55 
Diaphysial Chord . : + ‘O1l1l+ -843 + ‘O01 + 060+ 919 + ‘07 
Capito-Collar Length eas ee aerate ols + “72 + 091+ +322 + 28 
Length of Shaft ... me | — 146+ 934 - 16 + 2°025 + 1:001 + 2°02 
Capito-Trochlear Length... Sic + 636+ 982 + 65 + 1:094 + 1:058 + 1:03 


Female platymeric transverse diameter (2: 36)—this is not supported by the 
male bones. 
Female popliteal oblique antero-posterior diameter (+ 2°43)—this is reversed 
in the male bones. 
Female oblique length of external condyle (+2°29)—this is reversed in the 
male bones. 
Female length of shaft (+2°02)—this is again reversed in the case of the 
male bones. 
We are therefore compelled to conclude that no conspicuous difference in the 
variability of the absolute lengths of right and left bones exists; we cannot assert 
that the one has been subjected to more markedly stringent selection in this respect 
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than the other. While it is not possible to assert of any individual measurement 
that either member is markedly more variable than the other, still the measure- 
ments taken as a whole do show slight preponderances. Thus the left limb is 
more variable than the right in all the major lengths of the bone: see first five 
entries of the table. Possibly an exception to this is the capito-trochlear length. 
On the other hand of the 46 cases of shorter or minor lengths 32 differences 
have the plus sign, or the right is more variable than the left member. Such an 
excess of plus numbers if right and left were equally variable would only occur 
on random selection about once in 250 trials. We think we are therefore justified 
in suggesting that the left bone is somewhat more variable in the major lengths 
and the right bone somewhat more variable in the minor lengths, but neither has 
marked variability preponderance in any individual character. 

We now turn to the angular variabilities where in our opinion we must also 
deal with standard deviations. It will be seen that not one of the differences for 
the variability in the angles of the fundamental triangle is significant. Nor is the 
obliquity definitely more variable on the right, though there is some approach to 
possible significance in the female. 


TasBLE VI. Drfference in Variability with Side of Femoral Angles. 


Male Female 
po 
Angl 
ae Ag-t. + a Ag.-t. Apg-1 +a Ag.-t. 
in degrees €a in degrees Ca 
Midtrochlear Angle i + ‘020+ 056 + 36 + 045 + 069 + °65 
Angle at Centre of Head + 136 + 248 25 Gas — 247+ °316 Saf 
Cervical or Collar Angle + 173 + 295 + ‘59 — °320+ 371 — ‘86 
| Obtiquity se oa sa ad i + 128+ 088 + 1°45 + 245+ :104 + 2°36 
t 

Torsion (Sign regarded) .. Ls, — ‘378 + 424 — 89 + °439 + 537 + 82 
Torsion (Sign disregarded) ALS — 610+ °397 — 1:53 — °385+4 511 — "75 
Torsion of Shaft ... a ie 005 + °562 =) Oi + 954+ °652 + 1:46 
Retorsion ... ats ee se + ae 155 + °473 + 4:56 + 2:242 + 495 + 4:53 


Again, while the torsional angles of the femur and its shaft show no signifi- 
cance and even predominance of opposite members for the two sexes, when sign is 
regarded as we believe it should be, the retorsion is most markedly significant. 
We conclude therefore that only for one angle is there substantial difference and 
accordingly we can assert that the right bone is definitely more variable in the 
extent to which head and neck are retorted into parallelism with the condylar 
axis. We should anticipate that this may be associated with greater variability 
in the extent of frontal aspect of the acetabulum on the right side, but we know 
of no observations recorded on this point. 

We now come to the last series of characters, namely the indices, in which 
there may be possibility of right or left predominanee in variability. The following 
table gives the chief results : 
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Of the four characters which are probably or possibly significant in the male only 
one, the ellipticity of neck, appears possibly significant in the female. In both 
sexes the variability is greater in the right than the left member and it would 
appear to be a real difference. In the remaining three cases of possible male 
significance (Secondary Index of Bowing, Pyramidal Popliteal Index and Bicondylar 
Trochanteric Ratio) the female reverse the male results, besides giving values 
which are certainly or probably insignificant. Of the nine cases of probably or 
possibly significant female difference we have already considered the ellipticity of 
the neck; in three cases (Epiphysial Ratio, Ellipticity of Head and Index of 
Gracility (lower)) the male results besides being insignificant reverse the female ; 
in two further cases (Condylar Index and Bust-Shaft Index) the values while only 
possibly significant in the female are definitely insignificant in the male; while 
in the remaining three cases (Platymeric Index, Oblique Maximum Trochanteric 
Lengths, and Index of Sagittal Slenderness) where the signs agree in both sexes 
and in the female the values are very likely significant, the values in the case of 
the male are probably insignificant. To sum up, while in these three last cases a 
longer series might possibly indicate a slightly differentiated variability in right and 
left members, we must assert that the ellipticity of the neck appears alone on our 
series to mark side differentiation; any other possible differentiations are screened 
by sexual differences and inadequacy of material. 

As a general conclusion therefore we may state that neither right nor left 
member gives marked evidence of having been more stringently selected, 1.e of 
being less variable than its fellow. The only two characters in which we have 
found significant differences are in the retorsion and the ellipticity of the neck. 
In both these cases the left bone is less variable than the right and it would 
appear accordingly to be a more intensely selected member’ in these respects. The 
first character concerns the manner in which the neck and head are retorted to 
bring their axis again more nearly into the principal vertical plane, the second 
concerns the manner in which the shape of the collar section is modified. It is more 
than conceivable that the two characters are closely linked in their variation, 
the extent of the retorsion modifying the shape of the neck. This difference of 


* The nature of this selection must be carefully borne in mind. Since every member of the community 
with no systematic exceptions ultimately passes through the graveyard, decreased variability in any 
character is not to be associated with ante-mortem stringent selection of the fitter. On the other hand 
if those possessed of extreme values of a character died young the lesser variability might be due to the 
post-mortem selection, which eliminates the youthful bones more extensively than the adult bones, or even 
due to the tabular selection which omits youthful and infantile bones from the record. In the case of 
plague pit material there would be ante-mortem selection due to the disease and due to the character 
of the inhabitants left behind to face the plague. It is of course possible but extremely unlikely that a 
disease like the plague could have any relation to differences of right and left members, or that the flight 
of the population from London would have any such relation. We should attribute any such differences 
as may be real to long-continued early selection of the race itself impressing its mark, perpetuated by 
inheritance on the left member. If we assume that differences in the left and right characters are due to 
this selection, it is not hard to grasp that differences in the variability will be due to the same action. 


PART I. THE FEMUR 179 


variability in right and left characters of the hip-joint we should be inclined to 
associate with ultimate organic ditferentiation of the two sides of the human body. 


(iv) Comparatwe Variability of the Sexes. 


Certain writers have assumed, and somewhat vigorously abused all those who 
differed from them, that the male is more variable than the female, and as far as 
we are aware they have asserted their point without any adequate system of 
measurements of male and female characters. A very long series of osteometric 
and especially cranial measurements have now convinced most biometricians that 
there is no significant general sexual difference in variability, although for a particular 
character one or other sex may be the more variable. This is not only true for 
the hundreds of continuous characters in man of which the variability has now 
been determined for both sexes, but also for the anomalies, especially the cranial 
anomalies, of the two sexes which have been recorded in great numbers. In dealing, 
however, with special series one has to be careful that no marked selection by 
sex has taken place. When a cranial series shows four times as many males as 
females, we naturally distrust all arguments based on it as to the relative variability 
of male and female,—nay even as to the relative value of male and female characters’. 
In the case of our present material where the ratio of male to female is roughly 
5 to 4, this may be due to post-mortem selection of the more slender bones, or 
to the flight of a section of the female population from the stricken city. In 
either case the variability is likely to have been to some extent affected by the 
selection. This must be borne in mind in discussing our results. In dealing with 
sexual differences in variability we shall discuss the significance of differences 
between male and female coefficients of variation for the absolute lengths, and 
of differences in the standard deviations of the angles and indices; the grounds 
for the choice of these criteria have already been given. We will consider first 
the femoral angles. These are given in the manner with which the reader will 
now be familiar in the following table: 


Taste VIII. Difference in Variability’ with Sex of Femoral Angles. 


Right Side Left Side 
Angle 
Aj3-9t6a Ag=9 N= ot CA Ag-2 
Ca Ca 
Midtrochlear Angle Be — 113+ -064 - 18 — 088 + 061 —1-4 
Angle at Centre of Head — 439 + 284 —15 — 822 + 283 — 2-9 
Cervical or Collar Angle — +4224 -337 —1:3 — 915 + 333 —2:7 
Obliquity . — 117+-103 —1:1 ‘000 + ‘091 0:0 
Torsion (sign regarded) ... — 1:365 + -494 ee. — +548 + -473 — 1:2 
Torsion (sign disregarded) —1:172 + -453 — 2:6 — "947 + -462 - 2:0 
Torsion of Shaft ... 488 — °529 + -631 —0°8 + 430 + ‘586 +07 
Retorsion ... a : + -907 + 543 +17 +994 + -416 + 2-4 
1 See our p. 170, ftn. 2 Measured by standard deviation. 
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Now with the exception of the torsion of the shaft where the male and 
female differences are entirely insignificant the signs of the right and left side are 
in accordance throughout. We note at once that the female has excess of variability 
in twelve of the sixteen values given and the male only in three, while in one 
case there is equality. It would thus appear that the female is more variable 
than the male in the femoral angles’. We do not attribute this greater general 
variability to “inherent” greater variability in the female (as some authors have 
done for like cases in the male), but simply to the fact that in modern civilised 
peoples, we believe that for many generations there has been more stringent selection 
of the male. When we come to individual characters, however, none of the 
differences reach to probable significance, all are of the order of possible significance, 
the possibility being to some extent confirmed by common sign in the two members, 
and confused by sexual differentiation in the two members. On the whole it 
seems probable that woman is more variable in torsion and the collar angle, while the 
man is more variable in retorsion. 

In Table IX on p. 181 the differences of the male and female standard deviations 
of the indices are given with the probable errors of those differences. Looking 
first at the signs of the differences we find that in 43 of the 66 values recorded 
the sign is minus or the female is more variable: in 22 the male is more variable and 
in one there is a draw. The odds are much against this preponderance of female 
variability being due to random sampling*. Thus the indices confirm the angles in 
indicating greater female variability. But the angles and indices, unlike the absolute 
dimensions, are the characters least likely to have been subjected to post-mortem 
selection. 

This table does not show in the individual indices marked differences. It is 
probable that the female is more variable than the male in the Secondary Index 
of Bowing, in the Oblique Maximum Trochanteric Lengths Index and in the Condylar 
Trochanteric Index, while in the Popliteal Index the male is probably more variable. 
It is possible but less probable that the female is more variable than the male 
in the Secondary Bust Ratio and the Condylar Index. And lastly it is conceivable 
but not probable that on larger numbers the female might prove to be more 
variable in the Robusticity of the Femur and the Condylar Lengths Index. In 
the Epiphysial Ratio, the Platymeric Index and the Pyramidal Popliteal Index, 
where possibly significant sexual differences are shown on right or left side, the 
sign is reversed on the other side. 

We must thus conclude that there is no marked sexual difference in 
variability of the individual indices, but the general run of the differences and what 
significant differences in individual characters occur are in favour of the greater 
variability of the female. 


* The odds against this excess of female variability are about 82 to 1, and therefore it can hardly be 
a result of random sampling. 


* Actually such excess of female variability would only occur once in 143 trials on the basis that its 
origin lies in random sampling. 


181 


THE FEMUR 


PART L 


xepuy yeqygasng | ZI (ge) | 0-0- | go. +100. — ae Se — Aa 
ony edep | e¢ (Eg) | 0-0+ | 820. + 100- + = ae =a — 
oney aep{puoorg | * (1g) | ¢-0- | ¢0- F910. — | BE (Eg) | 0-0 | 8Z0- #000 ony pedeg | & 
xopuy oMasettg | $Z (OE) | F-O- | 92F- FOOT. — | OT (Ze) | L-O+ | TE0-F E00. + | ssouropuoty [eagt8eg Jo xepuy | Ft 
Surmog jo xepuy Areutsg | gZ (66) | -0— | Teo. E10. — | 8z (TE) | ZO- | 064. +940. — |” oey ysng-peoy] |B 
oney isng-peoH] | 1¢ (gz) | G-O- | 112-F 931. —-| 61 (0G) | ¢-O+ | FET. F410. + “*  xepuy yyog |< 
(xaddq) Agrpiovry Jo xopuy | 6% (12) | @O- | Gre. STO. — | GT (6z) | ¢-0+ | 88c-+9L0- + “* yooyy jo Aqrordipg | & 
oney ‘yoory, repApuosig | g (92) | 40+ | 9¢9-¥ 0FO- + | 62 (9z) | GO- | FE0- +110: = Sutaog jo xepuy Areunag oe 
peoy Jo Aqtorsnqoy | ¢% (Gz) | L-0+ | 1G0-F6g0- + | 16 (42) | 9-0- | 906 FBT. — | xepuy yeyg peowpdog | 5. 
ssoumoyg ‘dog Jo xopuy | OZ (FZ) | 8O- | Est. FOGT. — | LT (9%) | 9-0-— | geo. + 1Z0- — ssoUIopUgTY ‘suBIT, Jo Xepuy | = 
oney ysng Aveummrg | LT (¢Z) | 6-0- | 280.+920- — | G2 (Gs) | 2-0+ | 90: FZFO- + "* pea jo yorsnqoy | 5 
xepuy [eipes-pureg | OT (ZZ) | 6-0+ | O19-F89G- + | 08 (FZ) | 8-0+ | LEF +998. + ze xopuy onjseytg | 
xopuy eyg teeydog | 12 (1Z) | 60- | oz FO6T- — | 91 (EZ) | 8-0+ | 28T- F OFT + xepuy propo Ny 
xopuy syysuey ‘xeyq onbiqo | g (0) | O-T— | 120-00. — | 46 (ZZ) | O-L— | 69% ¥ 912. — (tadd qq) Aqrptoray yo xoput | ty 
xopuy aos | o¢ (61) | I-1+ | 24%. FG2e- + | * (1%) | LI- | 61% +0Fs — xapuy syysuery aep{puog |S 
(samo) Aqtpiowaxyy Jo xopuy | GT (gI) | T-I- | O1g-F1Gg- — | Po (0G) | L-I- | LLT-F88T — ssoumoyg [dog jo xepuy | &, 
ssoulopuorg ‘suvty, Jo xopuy | 9Z (11) | @I— | Teo. 980. — | ZI (61) 1) eal rH + Fas E ios = oney sepX{puoorg-oqtdeg = 
xapuy peey-yoon | 62 (91) | &1- | Sst. Ors. — | T (81) | LI+ | 260-*¢0T- + “ peoy jo Ayoydypy | 4 
yoony Jo Aqrorgdypy | 6¢ (G1) | &1-— | 1eg.+20g- — | $3 (AT) | ¢-I— | §80-FIIT — “ oney qsng Aaemtg | &. 
oney ysng Arepnooog | IT (FI) | FI- | F80-F OTT — | 4 (91) | & 1+ | 06% F 16% + xepuy [dog [epromsfg | 98 
oney yersdydidg | 4 (¢1) | G1+ | pgp7- Fors + | ST (GI) | 71+ | 96%. +07 + (demo) Aqrploway Jo xepuy | 
oey aep{puoorg-opidey | I (ZI) | 41+ | 6eT-+1gs + | 8 (FI) | 9T- | BFO- F990. — |. ttrantueg Jo Aqoysnqoy | 8 
xepuy aeApuog | ¢ (TI) | 6T— | e8I-+1g¢- — | et (eT) | 61- | Let F1P8- — *  xepuy omeudyetg | & 
=3 = oe = DGG) t20-Gacul ne List CCG xepuy yeqgasng | ty 
= os os a e¢ (ZI) | 0-6— | 480-4 LT. — ony ysng Arepuoosg | 
= ae = = FL (TI) | 13+ | 099- + 6LE-1 + “+ xepuy yerperpueg | =: 
ssousopuslg [e918eg Jo xopuy | GE (OI) | 1-3+ | 8zo. +090. + | BZ (OI) | Et | FBG FGG9- + oe xopuy jeoyydog | = 
xopuy jeoydog | 6 (6) | *3+ | e8z-+919 +16 (6) | &Z- | G60. +EG0- — |“ xXepuy syySuET -xepy onbyqg | w# 
mute Jo Apousnqoy | #1 (8) | ¢s- | 6¢0.-+ 160: — | $1 (L) | 93- | 08G-F26F1- |" os oreyy eishydidg | 
xepuy [dog yepramerkg | 91 (1) | L2- | LIZ F81G- — | € (9) | 9-6- | OFO-F EOI. — | ** xopuy “yoory, eApuoy | 5 
xepuy syysuey ‘yoory xe 140 | & (9) | 8-c—]| 720. +290. — | 92 (G) | L3- | 6G0-F6ET- — ony Your, ae[{puorg | & 
xepuy omemdqerg | et (c) | 6S+ | 66. + ES1-1+ | #3 (%) | BG- | 4G0-FLGT- - “+ oney aepkpuooig | > 
xepuy syysuery epXpuog | 12 (F) | GE- | O1Z- F899- = — ey 
xopuy “yoory, aefApuop | 9 (¢) | G-E—- |) OFO-F6ET- — | IT (e) | LE- | O1G- FISL — pe: xepuy szepApuog | 5S. 
Burmog Jo xepuy Arepuooog | T (Z) | L-€— | 8ge-F1Gh-1- | 9 (2) | 9-F- | 820 FOL — | xepursyySaey ‘yoory, xe Tq0 | = & 
peoH Jo Aqordyrg | 81 (1) | Lr+ | 680-F Izy + | @ (1) | ¥9- | 86¢-FeEG.g- | Sutmog jo xepuy Arepuooag | 5 
yu We ze ue we se 
aor é-Py Soa aoe oo Lge EA g 
xopuy xopuy 2 
epg 39T eplg IUsIYy 


‘saoupuy joLoway fo xa yun (suoymmaq pumpunig) haprqoiun, ur 


aoualafiig ‘XI XIavY, 


182 A STUDY OF THE LONG BONES OF THE ENGLISH SKELETON 


In Table X will be found the differences of the coefficients of variability of the 
absolute lengths with their probable errors in the case of the two sexes. If we consider 
merely the signs of the differences there are 30 of the 56 values greater for the male 
and 26 greater for the female, or since the half would be 28, we have a transfer of 2 to 
the male side, a difference well within the limits of random sampling. But a little 


TABLE X. Sexual Differences of Coefficients of Variation of the 
Absolute Femoral Lengths. 


Right Side Left Side 
Measurement Ne m Aes a 
Agz-gtea a Ag-¢téa rated aes 
Maximum Length Ses wee ee e080 AOD + ‘41 | 20} — 198+ -242 | — 82 | 15 
Trochanteric Length _... ..| — 065+ -258 | — -25 | 23} — 013+ -252 — 05 | 27 
Max. Troch, Length es -.| — 007+ +258 —~ 03 | 28 | + 033+ +255 + ‘01 | 28 
Oblique Length ... ra 2. | — 072+ -249 — ‘29 | 22 | — -193+ :250 — ‘77 | 18 
Troch. Oblique Length ... | — *1386+4+ ‘271 Es O | 18] + -026+ :264 + ‘10 | 25 
Vert. Diam. of Head... | +1:0834 285 + 3°80 1| + -928+ :268 + 3°46 + 
Horiz. Diam. of Head ... ... | +1:055,4 -298 + 3°54 2) + 685+ -269 + 2°55 7 
Horiz. Diam. of Neck ... | +1:047+ 392 + 2°67 4) + 106+ °372 + 28 | 24 
Vert. Diam. of Neck... --- | +1:215+ +359 +3°38 3 | +1:040+ -336 +310 5 
Platymeric A. P. Diam. ... ... | — ‘281+ -345 — 81 | 13 | + 465+ -332 +140 | 12 
Platymeric Trans. Diam. .. | + °323 +4 -485 + ‘74 | 15 | + 805+ °384 | +2°10 9 
= 

Pilastric A. P. Diam. ... ... | — *056+ -366 — ‘15 | 25) — 022+ :385 — ‘06 | 26 
Pilastric Trans. Diam. ... ..| + 073+ +365 + -20 | 24] — 680+ °354 —1:92 | 10 
Popliteal Length ... + ‘072+ °658 + ‘87 | 12 | —1:735+ 633 —2-74 6 
Popliteal Breadth Me + 585+ -460 + 1:27 9| + 969+ -444 +218 8 
Popliteal Direct A. P. Diam. .| —1118+ :445 — 2°51 5 | +2:031+ +396 + 5:13 1 
Popliteal Oblique A. P. Diam. ...| — :049+ °380 — 13 | 26 | +1:295+ +364 + 3°56 3 
Bicondylar Width Sof + 183+ -:300 + 61 | 17] + 227+ -294 ce athe |p Uti 
Max. Length, Ext. Condyl + ‘193+ -261 + °74 | 16 | + *396+ °252 +157 | 11 
Max. Length, Int. Condyle + 30+ -289 + 1:83 6) + °192+4 °-272 2 ph ahs) 
Oblique Length, Ext. Condyle ...| + :203+ -250 + ‘81 | 14 | + °863+ :235 + 3°67 2 
Ext. Condyle, Horiz. Band-radius | + °242+ -601 + 40 | 21 | — -170+ ‘553 = oh 23 
Ext. Condyle, Vert. Band-radius — 221+ ‘501 — 44 | 19 | -— :233+ :475 — 49 | 21 
Diaphysial Subtense Fe .. | —2°673 +1519 —1:76 7 | — *831+41:404 

Diaphysial Chord... = ae | — ‘ofl °378 — -98 | 10] — -443+ -:367 

Capito-Collar Length ... ...| — 0830+ -454 — ‘O07 | 27 | — 343+ -435 

Length of Shaft ... Bee ...| — ‘391+ +252 —1:55 8 | + '252+ :258 

Capito-Trochlear Length... .. | — ‘227+ :258 — ‘88 | 11 | — 102+ :240 


closer inspection of the table indicates that if we omit the small epiphysial measure- 
ments—+.e. the second and sixth groups—there are only 13 male to 23 female 
preponderancies. In the proximal epiphysis all the differences are in favour of the 
male variability and in the distal epiphysis nine out of twelve values show male pre- 
ponderance. We are compelled therefore to conclude either that the male is actually 
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more variable than the female or that the female has been far more intensely selected 
by post-mortem selection of the slighter bones. The latter is we believe the case for 
while we were able to measure the maximum length in 487 male and 381 female adult 
bones, we could only obtain femoral head measurements in 416 male and 319 female 
bones or reductions still further of 14°6°/, and 19°4°/,: for the neck measurements 
the numbers are 460 and 350, showing 5°5°/, and 8°'1°/, reductions respectively. 
Turning to the distal epiphysis the bicondylar width could only be found in 319 
male and 216 female bones, or there was a still further selection of 34°5°/, of male 
and 43°3°/, of female bones. In other words when we come to take the epiphysial 
measurements we find the female has in every case been more heavily selected 
than the male. This corresponds with our experience of disinterred material; it is 
the epiphyses of the more slender bones which perish, in whole or part, first and 
accordingly the female suffers more than the male, and her epiphysial measurements 
are liable to be exaggerated and her variability reduced; thus her coefficients of 
variation on two counts are lessened. Any material in which the female appears 
in far lesser numbers than the male is open, therefore, to grave criticism when the 
absolute measurements are used to discuss relative sexual variability. The above table 
shows that in the diaphysis and even in the chief lengths of the femur (Group I, 
including also the capito-trochlear length) there is a general preponderancy of 
female variation. But we must not be content to dismiss the epiphyses with the 
admission of greater male variation possibly due to greater post-mortem female 
selection. We note that while the male preponderance in variation in the case of 
the distal epiphysis (9 to 3) has odds of about 23 to 1 against it on the basis 
of random sampling, there is only a single individual value which rises above 2 
in the ratio of deviation to its probable error, namely the left oblique length 
external condyle, where it is 3°67, and only two cases where it even rises above 
unity, namely the left maximum length of external condyle with 1°57 and the 
right maximum length of ternal condyle with 1°83. Thus the predominance of 
male variability is only really significant in one individual case, though the general 
run of positive signs confirms it. We believe that this preponderance might well 
be due to post-mortem selection of the stronger and stouter female bones for 
preservation. But the case is otherwise with the proximal epiphysis; of the eight 
values the male excess in variation is more than three times its probable error in 
five cases, and more than 2°5 times its error in two other cases: in only one case 
is it although positive insignificant. We are compelled to the conclusion that 
the male variability in the proximal epiphysis—although this shows less post- 
mortem selection than the distal epiphysis—is very considerably in excess of the 
latter. We believe that apart from post-mortem selection there is substantially 
less female variability in the proximal epiphysis than in the male. Turning back 
to Table VIII, we see that the Retorsion, again a character of the bust of the femur, 
appears also less variable in the female than in the male. Now we have already 
drawn attention to the more frontal aspect of the female pelvis involving a greater 
retorsion in the male, and we consider that the importance of a good attitude 
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of the pelvis in view of the burden of pregnancy has enforced more stringent 
conditions on the bust of the female pelvis, in other words from a very distant past 
there has in the case of the female been a more stringent selection of the proximal 
epiphysis. Hence the apparently greater variability of the male in this character. 

If we look at the individual values in the groups of Table X we see that: 

(i) In the first group of the principal lengths not a single case reaches once 
the probable error of the differences, and not one has even the suggestion of 
possible significance. 

(ii) The same may be said of: the sides of the fundamental triangle. Only 
one difference is more than once its probable error, and this is less than twice, 
while the left side has opposite sign to the right. 

(iii) No individual difference of variability rises to even probable significance 
in the diaphysial, the platymeric or the pilastric groups of measurements. 

(iv) In the popliteal group five out of the eight differences exceed the 
double of their probable error. In three of these cases when in the left bone 
possible and even probable significance is reached, we find reversal of sign in 
the differences in the right bone. In the fourth case—the popliteal breadth— 
the signs are the same, but the multiples of the probable error +1:27 on the 
right and +218 on the left side are not such as to justify a statement of 
definite significance. 

(v) In the condylar group only one difference is over twice its probable 
error, 7.e. the oblique length of the external condyle on the left side, and this 
should certainly be significant with a ratio of +3°67; but the right side shows 
only the ratio of +°'83 which sadly weakens the case for significance. 

(vi) Only in the group of measurements of the head and neck can we assert, 
with the possible exception of the horizontal diameter of the neck, an all round 
significance and a greater variability in the male. 

Thus to sum up this section it is not on the basis of the femur possible to 
record any marked general difference in the variability of the two sexes. If 
anything the female appears to have more frequently excess of variability. In 
the special case of the proximal epiphysis where the male variability does appear 
in excess, we believe it is due to a more stringent selection of the bust of the 
female femur in the early stages of human evolution and that this selection must 
be associated with the more frontal aspect of the acetabula, or with a position of 
the pelvis probably associated with a better carriage during pregnancy. 

The result that the female is slightly more variable than the male in civilised 
races would be entirely in keeping with masses of data for other organs. 


(v) Variability of the Femur compared with that of other Parts of the 
Human Skeleton. 


Two interesting problems arise with regard to variability: (a) how far is the 
femur more or less variable than the other long bones? and (b) how far is the 
femur more or less variable than other parts of the human skeleton? A third 


PART I, THE -FEMUR 185 


problem arises but there is no material worked up at present with which to 
answer it—we should like to know: (c) what is the relative variability of the 
femur in man and other animals? Indeed no large series of bones has been even 
measured in other animals. <A better bit of research work than taking the chief 
femoral measurements on one to two hundred femora of each of the chief anthropoid 
apes could hardly be planned. There is enough material, if it were pooled, in the chief 
British and continental museums, but such measurements of the femora of apes as 
have been published give only a few characters in a very few individuals or merely 
the mean values of a very few characters not the individual values, and so permit 
of no calculation of variation’. 

(a) Comparison of Femoral Variability with that of other Long Bones. All 
we have in the way of comparative data are the coefficients of variation of the 
lengths of the chief long bones of the French and Aino as found by Pearson 
and Lee’ and of the Nagada as found by Warren*. We give them for comparison 
in the table below. . 


TaBLE XI. Coefficients of Variation of the Chief Long Bones. 


Race. 
M : Londoners of 
easurement Aino Naqada A7is contury Modern French 
é 2 gees 3 2 3 oe 
Femur, Maximum Length | 4°66 + °34 | 4°17 + °40 | 5-48 | 4°87 |.4°97+°16 | 5°03 4+-18 | 5:-434+°35 | 5-434 37 
» Oblique Length — — 5:47 | 4°93 | 4:93+-17 | 4:97+:19 — — 
Tibia, Maximum Length | 4:92 + °38 | 450+ °46 | 5:04 | 4:93. — = 14:89 + 33 | 557+ -38 
» Centre to Centre* | 4:97 + °38 | 5:29 + 52 | 4:90 | 5:08 | == = = —_ 
Fibula, Maximum Length | 4:77 + -40 | 5°17 + °55 | 4:287| 6:26 | — = 4:97 + °34 | 5:56 + 38 
Humerus, Max. Length | 4:55+°32|4:48+-42| 5-22 |5-01 5224-19) 4:91+4-21 | 4664-31 | 5-12+°35 
+. Oblique Length — — 5:13 | 4:99 | 5-08+:19 | 4944-21 = — 
Radius, Maximum Length | 4°88 + 38 | 4°79 + °47 | 5-02 | 4:58 | — = 4°80 + 32 | 5:10 + -34 
» Centre to Centre | 4:92+°38 | 4:97+°48/ 5:19 | 4:82. — | ae = 
Ulna, Maximum Length | 4°51 +°35 |5-09+°53 5:59 | 5:54_ — = 15-03 + °34/ 4:97 4°34 
Clavicle, Maximum Length] 5:33 + 43 | 6°86 4°73 | 6-99 | 6°73 a =e “3 | aA 


* From centre to centre of articular surfaces. 
+ Warren gives solely the mean 373°67 and for 23 ¢ fibulae only. We were able to take 51 male 
fibulae from his tables of measurements and find mean = 375°80, S.D. = 16:096 and C. of V. = 4:283. ° 


Now this table—based except in the case of the Londoners on rather slender 
material—seems to show that for the chief long bones the coefficients of variation 
will lie between four and five—or the absolute variation in the length of a long 
bone is about 4°/, to 5 °/, of that length. It would be difficult to assert that 
in the intensity of variations the femur is more or less variable than any other 


1 There are a few individuals published by Hepburn (Bibl. 71, p. 153), Bumiiller (Bibl. 81, Tabelle TT) 
and Bertaux (Bibl. 52, p. 87), but the numbers are quite insufficient even for mean values. Larger series are 
given by Rodriguez (Bibl. 101, Chapitre premier) but unfortunately without the individual values. Antony 
and Rivet (Bibl. 97) give actual measurements on short series. Klaatsch cites only values from Bumiiller. 

* Bibl. 76 bis, pp. 347 and 348. 

’ Bibl. 77, pp. 140, 141 and 150. 


K. P. 24 
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long bone. There does appear, however, to be some excess of variability in the 
clavicle, although this must wait for further measurements to be published before 


there can be any real certainty. Nor is it possible to assert that the proximal ° 


bone of any limb is more or less variable than the distal. As far as man is 
concerned we cannot suppose at present that in his evolution one long bone has 
been much more stringently selected than a second. Indeed if direct selection 
had been more stringent in any case, the high correlation between nearly all 
the long bones would have brought about an indirect selection reducing the 
variability of the other bones not directly selected. 

(b) Comparison with other parts of the Skeleton. We may compare. the 
variability of the femur with that of the small bones of the hand and with the results 
reached for the skull. We will take the latter first. The general run of coefficients 
of variation for absolute lengths on the human skull is from 3 to 5, but small lengths 
like orbital, nasal and palate measurements tend to have values from 5 to 8, and the 
coefficient of variation of the capacity reaches the higher level, say from 7 to 97, 
which is the general run also of mandible variation. No coefficient of variation of the 
femur falls between 3 and 4, but the short lengths with coefficients of variation of 6 
and 9 correspond closely with the short lengths on the skull. One or two lengths, 
however, rise to higher values—in particular the popliteal length between 13 and 14, 
the horizontal band-radius between 9 and 10, and the diaphysial subtense even 
between 27 and 30. On the basis of these high values, it might be suggested 
that the skull has been on the whole more intensely selected than the femur, 
and we think this is so when we find the coefficient of the length of the skull 
very little over 3 and the breadth almost of the same order, while the horizontal 
circumference has a value well under 3 (2°3 to 2:9). But we do not think 
that the high values for one or two femoral characters alone mark the femur out as 
less stringently selected than the skull. Thus in the skull the coefficient of variation 
of the mesodacryal chord is 9 to 12, of the mesodacryal are 13°5, of the simotic 
chord 17 to 80 and of the simotic subtense 18 to 40 according to race and sex’. 
Accordingly the femur has no monopoly of high variation! It may be said that these 
femoral characters with high variation are precisely those which it is hardest to 
determine accurately ; and this is certainly so in the case of the popliteal length and 
the diaphysial subtense. To some extent the same remarks apply to the meso- 
dacryal and simotic measurements on the skull. There is indeed a factor here which 
must be recognised, namely, the calipers or the tape are always liable to an error 
of reading and this error has very little correlation with the total length to be 
read; if its standard deviation be R, we should have for the V or coefficient of 
variation of any character 

V=100/0°+ R’/m, 
where m is the mean and o the standard deviation of any character. Accordingly if 
* See Fawcett, Biometrika, Vol. 1, p. 438, Macdonell, Jbid. Vol. 11, pp. 222 and 226, and Vol. v, 


pp- 92—93, and Benington, Jbid. Vol. v1, pp. 298—299. 
* See Biometrika, Vol. vit, pp. 298—300 and p. 318. 


—— 
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the true coefficient of variation of every absolute length were the same we should 
have for simple measurements with the same instrument 


ype V?- i 
100 NV m2—m,?’ 


the same for every pair of characters with means m,, m,, and apparent coefficients 
of variation V, and J,,. 

Several conclusions can be drawn from this result. (a@) Judged from Maximum 
Length and Vertical Diameter of Head in male right bones & would be about 
1‘7 mm. or in reading with the calipers the probable error would be about 1:1 mm. 
This appears to be far too large. Working from the vertical diameter of the 
head and the horizontal diameter of the neck for the male right bones we find 
R=1°'8 mm. with the probable error of reading about 1°2 mm., not badly in keeping 
with the previous value, but again apparently much too large. But when we 
take the platymeric and pilastric transverse diameters the latter (29°534 mm.) 
for male right bones is less than the platymeric transverse (31°678 mm.) but its 
coefficient of variation (9°791) is less than that of the latter (9'299) and accordingly 
Ff is imaginary. Again the capito-collar length is less than the popliteal length, 
but its coefficient of variation is also less and F& is again imaginary. Again, if 
we take the bicondylar width and the maximum length of the external condyle 
for right male bones—both rather difficult measurements and suggesting a high 
rate of error—we find FR only 0°5 mm. which might in this case be a reasonable 
value of the reading error but is wholly different from the excessive reading 
error which the theory suggests for the simpler measurements. Fascinating as 
the idea may be that true variation is largely physiological and _ proportional 
to the length measured, and that the actual coefficient of variation is constant 
and only disturbed by errors of reading, we cannot on the present data think 
it supported. Some differences of variation are certainly due to (i) physiological 
causes—in the roughest manner larger absolute lengths have smaller variation and 
(ii) to differences of accuracy in reading certain characters—such for example as 
the lengths of the nasal bridge, the band-radii or the popliteal length. Hence 
we must be cautious “about drawing too fine distinctions from differences in 
coefficients of variation. But we must bear in mind an important point; it is more 
than conceivable that in the struggle for existence the larger measurements are 
or have been of much more importance for survival than the smaller dimensions. 
The size of a man’s skull may be of more importance than the exact positions 
of his dacrya, or the total length of his femur more important than the breadth 
of it at the pilastric section. Thus it is possible, we do not say yet demon- 
strable, that great differences in variability are really marks of the stringency 
of past selection. Assuming this to be so we should have to conclude that 
generally, although not in all characters, the skull has been more stringently 
selected than the femur. A comparison of the femora of Pithecanthropus, 
the orang or even the chimpanzee, and again of the crania of these three with 

24—2 
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the femur and skull of man seems to indicate that the differentiation has been 
far greater in the case of the skull. We might thus anticipate that the greater 
differentiation marks more stringent selection from the original common type, and 
that this stringency will be detectable in the existing coefficients of variation for 
the two organs’. 

We will next compare the absolute measurements of the bones of the hand 
with the femoral lengths in respect of variability. The only available data known to 
us are those published by Lewenz and Whiteley (Biometrika Vol. 1, pp. 346-350) 
and based on Pfitzner’s measurements. They deal with the variation of the 
metacarpal bone, the proximal phalanx, the middle phalanx and the distal phalanx 
of all ten fingers. The values of the coetlicients of variation range from 5°12 to 
895°, say from five to nine, the least variable being the metacarpal bone of the 
left middle finger and the most variable the middle phalanx of the right little 
finger. On the average of all bones of the finger the index finger of the right 
hand is least and the little finger most variable (4°90 and 6°10). On the average 
of all fingers the middle phalanx of both hands is most variable and the meta- 
carpal bone of both hands least variable (7°20 to 5°7 about). Thus we see that 
the femora in its chief length is less variable than the bones of the hand, but 
in its small lengths is probably more variable, but as no transverse diameters 
of the hand bones were taken comparison is not really possible. The hand, how- 
ever, does not show signs of markedly more stringent selection than the femur. 

We now turn to the indicial variability and we find that for the indices of the 
principal lengths of the skull (maximum length, maximum breadth and height) 
the standard devwations run from just under three to just over five. We can 
hardly compare with these the Oblique Maximum Lengths Index or the Oblique 
Maximum Trochanteric Index of the femur, because the latter have so much in 
common of the components of the ratios. We might better compare the Primary 
and Secondary Bust Ratios, the Bust-Shaft Ratio, the Bicondylar Ratio, the 
Bicondylar Trochanteric Ratio and the Condylar Trochanteric Ratio. In many of 
these cases the standard deviation of the index is less than unity and in none 
greater than a slight excess over two, and we should be compelled to say that 
the femur in the ratio of its parts has been more stringently selected than the 
skull’. This suggests, but does not demonstrate, that the correlation of the 


‘ There isan immense amount of biometric work waiting to be done in this direction when material 
and workers are forthcoming. Take the characters of the nasal bridge in man, the anthropoidal apes or 
a gazehound and let their variabilities be compared with those of the nasal characters in any sleuth- 
hound or in a pointer breed, or compare the differences between nasal characters in fox or wolf with those 
of domesticated animals like sheep or swine, and we should soon learn how far variation somewhat 
contemptuously and without any real investigation of value described as “ fluctuating” by the Mendelians 
are real measures of the stringency of past selection. 2 Loe. cit. p. 347. 

* If we judge by the coefficients of variation not the standard deviations of the indices, the Bicon- 
dylar Ratio, the Bicondylar Trochanteric Ratio and the Condylar Trochanteric Ratio have about the same 
order of variation as the chief cephalic indices, but the Bust-Shaft and the Bust-Ratios have coefficients 
of variation ¢wice those of the cephalic indices and would therefore have to be considered as more rather 
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components of these indices in the femur will be found more highly correlated 
than the components of the indices in the case of the skull. If we take the 
indices for the ratio of small measurements on the skull such as the orbital, 
palatal, nasal and perhaps facial indices, we may possibly also add the meso- 
dacryal and simotiec indices (Biometrika, Vol. vu, p. 818), their standard deviations 
range from about four to twelve and compare fairly with the Head-Bust Ratio, 
the Neck-Head Index, the two Indices of Gracility, the five Popliteal Indices 
((r), (U2), (cc), (bb) and (yy): see Table II), the Platymeric, the Pilastric Indices, 
the Ellipticity of the Neck, the Band-radial Index and the Epiphysial Ratio. On 
the other hand the Ellipticity of the Head, the Robusticity of the Head, the 
Robusticity of the Femur, the two Indices of Slenderness, the Condylar Index, the 
Capito-bicondylar Ratio and the Capital Ratio possess remarkably low standard 
‘deviations below any values yet met with in the case of the skull. They may, 
however, be separated into two classes, first the Robusticity of the Head, the 
Robusticity of the Femur, the two Indices of Slenderness and the Capital Ratio 
have low means, and accordingly their coefficients of variation run from five to 
eight and are comparable with the values for the coefficients of variations of skull 
indices of the nasal and palatal class. Secondly the Ellipticity of the Head, the 
Condylar Index and the Capito-bicondylar Ratio have high or fairly high mean 
ratios and their coefficients of variation should be comparable with the six to twelve 
valued group of the skull indices. This is true of the Capito-bicondylar Ratio, but 
the Ellipticity of the Head and the Condylar Index (1°5 to 1:9 and 3°5 to 4:4 
respectively) remain low and appear by whatever standard we judge to be less 
variable than .the indices of the same class for the skull. We should conclude 
therefore that the perfection of the femoral head as a Hooke joint (see our p. 37) 
and the proportions of the distal epiphysis as a component of the knee joint have 
been very stringently selected. It is difficult to pronounce dogmatically about the 
variation of indices, but on the whole we think it most probable that our numbers 
indicate a more stringent selection of the hip jomt and the knee joint femoral 
characters than any reduction of variability found for cranial characters so far’. 
If we turn from indices to the question of angles we may compare the variations 
in the angles of the fundamental triangle of the femur with the variations in the 


than less variable. As we have already stated, however, the coefficient of variation of an index while 
a convenient statement of pércentage variation, has not a simple physiological character. If all lengths 
had the same coefficients of variation ‘v,, then the coefficient of variation of an index v; would be 
J/2v,/1—r, where r is the correlation of the components of the ratio. Accordingly that index would 
be less variable when the correlation of its components was greater. This difficulty applies, however, 
in much the same manner to the standard deviation of an index which also lessens with the increasing 
correlation of its components. The small value of the Oblique Maximum and Oblique Maximum Tro- 
chanteric Indices’ coefficients of variation (7.e. of order 0:4, see Table IV) is undoubtedly due to the high 
correlation of their components. 

1 It should be remembered that roughly selection of indices is associated with increased correlation 
of component characters, but that selection of an absolute length marks reduced correlation of that length 
with other length characters. 
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angles of the fundamental triangle of the skull (see Biometrika, Vol. 1, p. 418). 
We have for males taking the right bone: 


TaBLE XII. Variation in Angles of Femoral and Cranial Fundamental 
Triangles in Males (London 17th century Skeletons). 


Femur Skull 
Angle Mean 8.D. C. of V. Angle Mean — 8.D. C. of V. 
Collar Angle ... | 130°°4 6°-68 5:12 Alveolar Angle ...| 73°:4 3°41 4:65 
| Capital Angle ...| 427-1 5°63 13°38 Nasional Angle ...| 65°:2 3°°52 5°38 
Midtrochlear Angle 7-9 1°-25 15-97 Basional Angle ...| 41°:4 2°50 6:03 


The difficulty of variation in angle measurements will at once be grasped from 
this table. Judged merely from the standard deviations the midtrochlear angle of 
the femoral fundamental triangle and the angle at the basion in the cranial funda- 
mental triangle have the least variation in the two cases, but judged by the 
coefficients of variation—since they are the smallest angles they have the highest 
variations. Are we to assert that the alveolar is more or less variable than the 
basional angle? or, the collar angle more or less variable than the midtrochlear 
angle? Judged by either test we think we must conclude that the fundamental 
triangle of the skull is less variable in its angles than the fundamental triangle 
of the femur, although it is possible that the collar angle is less variable than 
nasional or basional angles. 

We may, perhaps, compare the obliquity and torsional angles of the femur 
with the angles which the sides of the cranial triangle make with the Frankfurt 
Horizonal Plane. We do so again for the male right bone: 


Taste XIII. Variation in Obliquty and Torsion of Femur compared with 
Inclinations of Sides of Cramal Triangle to Frankfurt Plane (London 17th 


century Skeletons). 


Femur Skull 
; ae oe || 
Angle Mean 8.D. |C. of V. || Angle Mean | §8.D. |C. of V. 
Obliquity | 87 | 2°02 | 23°23) Profile Angle 354 ee ... | 86°1 | 3°°92 | 4:55 
Torsion of Shaft | 21°-7 |12°-07 | 55:45] Angle of Skull Base to horizontal ... | 28°-7 | 2°53 | 8-81 
Torsional Angle | 11°-6 | 8°08 | 75:69} Angle of Profile Length to horizontal | 12°-9 | 3°-34 | 25-85 
Retorsion se] OT LOT VEO a = aes aug Aine ik ae 


Now these data again form a striking instance of the difficulty of judging the 
variation of angles. Judged by the standard deviation the obliquity only is less 
variable than any of the cranial angles. Judged by the coefficient of variation two 
cranial angles are less variable than the obliquity. But it is a mere matter of 
arbitrary definition that we measure the obliquity from the vertical and not from the 
condylar axis, or the cranial angles from the horizontal plane and not from its normal 
the. vertical. For example in the latter case the coefficients of variation would have 
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been respectively 100°26, 4°13 and 4°33 instead of 4°55, 8°81 and 25°85, showing a 
wholly different relative position. Trusting on our part to the standard deviations 
we assert that the torsional angles of the femur are much more variable than these 
cranial angles, but the obliquity somewhat less. Thus the obliquity might be 
assumed to be more intensely, the torsional angles far less intensely selected 
than the angles the base, profile length and the upper face height of the skull 
make with the standard horizontal plane. 

To sum up, we hold that the skull in its prinéipal lengths and ares appears 
to have been more stringently selected than the femur in its absolute dimensions. 
Also in all angles other than possibly the obliquity there appears to have been 
greater cranial selection. But in the indices with which the efficiency of the 
articulations of the femur with pelvis and tibia is associated we find a smallness 
of variation which does not appear in any characters of the skull yet dealt with. 


Note. Since this chapter was printed we have found in our manuscript 
collections of data the following reductions of Manouvrier and Antony’s measure- 
ments on 127 femora of both sides and sexes from a neolithic sepulchre at 


Montigny-Esbly (Bibl. 96, p. 552): 


Mean Standard Deviation 
Platymeric Index......... 7714 6504 
PilastrichinGgexees. tise: e. halen ey 7694 


The means are in fair agreement with the much longer neolithic series of 
Rodriguez: see Table of Shaft Indices in Chapter VII. But the present interest 
lies in comparison of these standard deviations with our results tabled on p. 174. 
The neolithic femora are substantially less variable than recent bones. Now post- 
mortem selection is chiefly by size, and Table II, p. 194, shows that neither 
platymeric nor pilastric index is highly correlated with size. Further, our authors 
measured every available fragment. We conclude therefore that we have here 
still further good evidence of the truth of the statement of Pearson and Lee 
that uncivilised races exhibit less variability than civilised races (see our pp. 170 
and 174 above). 


CHAPTER VI 
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THE CORRELATION OF CHARACTERS IN THE ENGLISH FEMUR, ITS COMPARISON WITH THAT 
OF OTHER RACES AND OTHER BONES, AND THE INFLUENCE OF SIDE AND SEX 


(i) General Results and Remarks. 


The accompanying table (Table II, pp. 194-5) contains the chief correlations 
of characters, 344 in number out of a total of about 400, which we have determined. 
Many of these have already been cited with the aim of throwing light on special 
points discussed in the preceding pages, but not all the correlations previously given 
are here reproduced. We have omitted from the present table all those dealing 
with anomalies of the femur and many cited in the text of this chapter. The bulk 
of the present list of correlations applies to quantitatively measurable characters and 
has been obtained from tables of grouped data by the product-moment method*. 
A few’ in the case of the curvature of the popliteal surface have been determined 
by the biserial 7 process. Lastly a certain number to shorten the great labour 
of forming additional tables have been found by the coefficient of variation method 
from the indices’. Namely, if £=100 N/D be an index, then closely : 


ma os Vy + VS ina Vr; 
LE eT BEDE AE 


The deviation of this index method from the product-moment result depends not 
only on the fact that it is merely a close approximation* but more on the practice— 
decidedly good in itself—of basing the values of the S.D.’s of the characters on all 
available material and not merely on those cases for which the indices can be 
determined. Thus Vy may be found from 250 cases of NV, Vp from 233 cases of D, 
and V; from only 211 cases where both D and WN are available for the same bone. 
Clearly if we had to recalculate Vy and V, for every case of a special index the 
labour would be almost as long as preparing a correlation table of NV and D and 
working it out. The great value of the coefficients of variation method of deter- 
mining the correlation lies in the fact that the coefficients of variation have already 


1 244 in all. 

2-12 in number. 

> 88 in number. 

4 The correlation as found from the coefficient of variation method differs from that of the same 
cases found by the product-moment method by terms in the numerator of ry, depending on the fourth 
powers of v,/100 and v,/100. 
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been determined for other purposes, and the additional labour of finding the corre- 
lations is thus relatively small. As a measure of the degree of exactness of the 
coefficients of variation method we note the following values for the correlation found 
by this method and from actually constructed tables of correlation for the two 
variates. 


TABLE I. Comparison of Product-Moment and Coefficients of Variation 
Methods of Determining Correlation- Coefficients. 


“|g Bight 3 Left ¢ Right ¢ Left 

Character Pair . S 28 = 3 +e = 8 2 2 < § = 

dealt with 38 Bs 23 zs 22 Bs 33 Ee 

aS gS aS £8 3S £ a 3 £3 

oye ae Ses ae Sx ae oe a 
veri Mavi nai bacet :| +7608 | +690-£-082 | +545 | + 632-4-084 | +-486 | +4114 047 | +896 | + 405-4 045 
Hires ae ae 1} +586 | + 5964-035 | +582 | +5164 039 | +833 | +-3724-058 | +-480 | +-4954 048 
vend Bicondylac Width ;| +782 | +°750--024 | +-748 | 4-770 028 | +-647 | + 5844-048 | 4-717 | +-6544-088 
rand’ Pacliseal Width +484 | + 5044083 | +487 | + 4544-035 | +-489 | +-5064 037 | +383 | +-407+-042 
Prato tr De. +326 | +°308+°040 | +-355 | +-2624-040 | +-352 | +-2834 046 | +-383 | +-259-4-045 
ee || +-272 | +-808-042 | +163 | +-2144-044 | +-073 | + 0814-053 | +-063 | +-070+ -052 
sees cceath of Start || +7009 | +:099- 044 | +-000 | +-0644-044 | —-096*| ~ 1654-051 | --100 | --085. 050 
ip akdve waa +°T61 | +760 -0934] +-764 | 4-754 0244) +593 | + -606--O44+ +685 | 4-555 “0451 


* Omitting a single bone with an extreme outlying and most probably abnormal bust-shaft ratio. 
t+ Oblique Length not Maximum Length in the product-moment values. 


Of the 32 values of the correlation given in duplicate in this table 20 pairs have 
an insignificant difference below the probable error of the product-moment values ; 
7 pairs have a difference less than 1°5 times the probable error, and of the remaining 
5 only one has a difference which exceeds in a marked manner double the 
probable error; but this occurs in the series of values where we have compared the 
correlation (? L.) of bicondylar width and the oblique length of external condyle 
found by product-moments with the correlation of bicondylar width and the 
maximum length of external condyle. Thus we have a system of differences in 
correlation values quite compatible with random sampling deviations. But it must 
be remembered that while this statement gives a measure of the differences which 
are likely to occur, it does not account for them, because the series dealt with by the 
two methods are not independent random samples ; they are largely the same sample. 
Thus consider the correlation of maximum length of external condyle and _ bicondylar 
width in female left bones; the correlation table (see our p. 159) is formed for 
107 bones; the coefficients of variation for the bicondylar width, for the maximum 
length external condyle and for the condylar index are based on 114, 142 and 
100 bones respectively. The differences are therefore not inconsiderable, and in 

K. P. 25 
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such a short series will explain the final divergence’. As a means of exhibiting the 
influence of various sources of divergence we took the series for the pilastric trans- 
verse and antero-posterior diameters, and calculated our coefficients of variation on 
the actual numbers used in the correlation tables and on the same individuals. 


We found: 


| ok. a Lis 2 R. 2 L. 
Number: 236 249 183 192 
Correlation Table......... — +308 + -040 + 262 + 040 +283 + 046 +259 + 045 
Coefficients of Variation fe O50 + °306 48 S33) 200 


The differences of the two methods are now much reduced, and we may fairly 
state that worked on the same individuals the differences in the values of the corre- 
lation coefficient due to (i) neglected second-order terms which in the present cases 
do not contribute more than about a unit in the last place of decimals, and (ii) all 
the individuals in one cell of the correlation table not falling into one and the same 
cell of the index frequency, the most serious source of error, will not exceed sensibly 
the probable error. When the various series do not cover the same data the 
differences will not be greater than those of random sampling’. In our Table II of 
Correlations all values found by the coefficients of variation method are marked by an 
asterisk. Where the result was reached by alternative methods the product-moment 
value only was recorded. 


(u) Racral Comparisons. 
The small material here available is chiefly due to Warren. A ‘per mille’ correla- 
tion table without any reduction has been formed for platymeric and pilastric indices 


* The reader may ask why if 107 bones were available for the correlation table only 100 were 
available for the index. The answer is to be found in the attitude adopted in sections of the work 
undertaken at widely separated periods with regard to certain individuals always on the borderland of 
acceptance or rejection on account of their classification as young adults, as of very doubtful sex or as 
having measurements (owing to damaged or pathological condition) of doubtful validity. In every series 
there may be, perhaps, 20 such bones, and the tabulator has to form a balance between decreasing his 
numbers and so increasing his probable error, and increasing his numbers at the risk of increasing possible 
sources of heterogeneity. It is not reasonable to cast aside a bone as doubtful for all measurements ; it 
may be only one or two measurements which have been recorded as doubtful. Thus in each retabling of 
the measurement cards a possible source of personal equation influence arises. This influence may even be 
modified by impressions formed in the interval of the nomic or the anomalous position of the individual 
bone in other series or tables constructed in the interval. Even where a series is sufficiently large— 
which is certainly not the fact in our present case—and rejection of all doubtful individuals is a priori 
feasible, this rejection may be a real danger, if it be based on personal equation only and take place before 
recorded measurement. 

* In a paper to be published shortly in Biometrika, Pearson shows that the probable error of the 
coefficients of variation correlation as deduced from the formula on p. 192 is to the first approximation 
the same as for the product-moment coefficient. The probable errors attached in our Table II to 
coefficients found by the coefticients of variation method are based on the sizes of the populations 
from which the coefficients of variation of the indices have been determined. 
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by Schwerz (see our Chapter VII) and a few abridged tables for torsion with other 
characters by Antony and Rivet, but in no cases have the coefficients been found. 
Parsons himself provides nothing, but we can deduce one or two correlations from the 
coefficients of variation for his material which we have determined. Speaking generally 
the material hitherto published has been much too slender to justify correlations being 
calculated from it, Warren’s paper (Bibl. 77) forms the only exception although he has 
far from exhausted the correlational possibilities of his data; indeed his purpose was a 
general study of the relations of the long bones rather than a minute study of one of 
them. He gives three cases of correlation against which we put comparative material. 


(a) Capito-collar Length with Oblique Length. 


We have already stated that Warren measures his capito-collar length by ocular 
appreciation of the coaxial point’ and that we first used and then discarded this 
method in favour of a mechanical determination of the coaxial point. Parsons 
measures what he terms the ‘length of neck” but we have already noted (see our 
p. 22) the obscurity of this term as a name for “ neck+head,” and further the 
difficulties involved in his method of determining it. Still for throwing light on the 
important relationship of capito-collar length, we have calculated the four series of 
Parsons’ capito-collar length and oblique length correlations. We also give the 
results obtained from both our discarded (1st) and final (2nd) measurement of the 
capito-collar length. 


3 ? 
Race 
No. R. No. L. No. R. No. L. 
Naqada Fe ae A) e094 0b30 ie —— a= 61) 6774-047 | — — 
Rothwell* ... Sees Ole DOSEEROOT 96) -407+-057 54! -454+-073 A47| -469+-077 
London (lst method) |199| 578+-032 | 206| -467+-037 | 150| :319+-:049 |159| -319+-047 
London (2nd method) |199| -298+-044 |206| -225+-045 |147) -030+-056 |158| -086 + -053 


* Bibl. 111, pp. 244—251. We have omitted No. 63 of Parsons’ left male femora, for it probably 
belonged to a sub-giant, its length, 543 mm., being greater than those of the femora of the Krainer 
and Wichsmacher giants’ skeletons in the Vienna Museum. 


Now these results are of considerable interest for they indicate how great may 
be the correlation differences associated with different methods of determining a 
character. Using Warren’s method of appreciative fixing of the coaxial point, we 
obtained somewhat smaller values than he has done for the male bones, and markedly 
smaller for the female bones. His results show considerable correlation for both sexes, 
and slight but not really significant sexual difference. Parsons’ data give results lower 
than Warren’s and about the same order as ours for male bones, but show no sexual 
difference ; this tends to confirm our doubts as to the validity of his sexing by size 
of head. Finally, our results obtained by a purely mechanical fixing of the coaxial point 
show a sensible but small correlation in the male bones, while the female correlation 


1 Warren does not publish his correlation table, but that his values are correct appears clear by 
applying the coefficients of variation method, which gives values over ‘6. 
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has sunk to insignificance. Either of our methods leads to the same conclusions 
namely that the correlation of these characters is higher in the more primitive race 
and that the sexes are more nearly equal in correlation in the more primitive race. 
The former conclusion is supported by the Rothwell data, but not the second. At 
a first examination it might be suggested that the high correlation arises from taking 
the shorter measurement to the spiral line (as Parsons) and not to the coaxial point. 
But Warren and we also get correlations as high as Parsons when we measure to the 
coaxial point, provided that point be determined by ocular appreciation. It seems 
to us that the tendency with a big and massive bone is to place the coaxial point 
further on to the body of the bone, the judgment by appreciation being possibly 
influenced by the balance of a massive minor trochanter. The effect of this would be 
to increase the correlation between capito-collar length and maximum length of 
femur. It would also increase the collar angle and accordingly we do find our first 
method gives higher values for the correlation of size and collar angle than our 


second : 7 
Correlations of Maximum Length and Collar Angle. 


Ist method: ¢ R. +:333+-042, gL, +-2584+-043, QR. +2984 -048, 9 L. +-243 4 048. 
Qnd method: ¢ R. +°2824-043, gL. +2494 -043, 9 RB. 4185+ -052, 9 L, +237 +-049. 
Here, as in the measurements of capito-collar length and maximum length, there 
appears to be more correlation in the male. Without being dogmatic where results 
are to some extent contradictory, we are inclined to think that there is not a very 
high correlation between size of bust and size of the whole bone’, and possibly owing 
to selection in the case of the female? less correlation in the female than the male. 
(b) Collar Angle with Primary Bust Ratio. 
This is Warren’s correlation of Angle of Neck with (Neck + Head) Femur 
(u.e. maximum length)’: 
No. Correlation 5 No. Correlation 
d { 45 — 345 + -089 $ { — 273 + 067 
We have not directly found this correlation of collar. angle with primary bust 
ratio. But if a be the angle, 6 the bust ratio, c the capito-collar length, m the 
maximum length, then it is easy to deduce that: 


Viney eee 


c ac” 


3 = 


NACE OAs re 


and the values of V,, V,, are given in Table III of p. 164 and those of 1,,, Tam, me 10 
Table IL of pp, 194-5. 
Substituting we find for the London femora: 


No. Correlation No. Correlation 
é R. 218 — 367 + 040 Q R. 171 — +326 + 046 
D225 — 362 + 039 L. 181 —°350 + 044 


1 This is confirmed by the low correlations found between capito-collar length and length of shaft. 

* If a definite pelvic width be of importance in the female, a negative correlation between a short 
femur and a long neck and head might even be evolved. 

® Bibl. No. 77, p. 152. 
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It will be clear from the probable errors that in the relation of the collar angle 
to the relative length of the bust there is no racial difference between Naqada and 
English. In both cases a relatively short neck and head signifies a larger collar angle, 
and this compensatory process—which removes the short shaft further from the pelvis 
—appears to be somewhat more intense in man than woman. An examination of the 
absolute correlations of capito-collar length and collar angle shows that the sign is 
consistently negative or an absolutely short bust, as well as a relatively short one, 
is associated with a large collar angle. Humphry has stated’ that the collar angle 
is smaller in short bones than in long bones, and in women than in men. Our 
Table I, p. 115, shows that the second part of the statement is true and the values 
given for the correlations of collar angle and maximum length in Table II, p. 194, 
being all positive it is clear that the first part of Sir George’s statement is again true, 
at least for English material. Dr Warren’s statement is also true for it applies 
to the size of bust relate to the size of femur, and we think that it is not 
in any way opposed to the other aspect of the matter. 

If instead of proceeding by the primary bust ratio we had used partial 
correlation, we should have found: 

Partial Correlations of Collar Angle and Bust Length for constant Maximum 
Length of Femur: 


GR. 319; 2) 2805, OR. S879 “oe L982. 
The partial correlations of collar angle and maximum length of femur for 
constant capito-collar length are all positive and somewhat smaller than these. 


We conclude that the collar angle decreases as the bust increases and this is 
true whether we take the relative or absolute length of the capito-collar axis. 


(c) Obliquity and Maximum Length. 
Dr Warren gives for the Naqada femora the following results for R. bones : 


No. Correlation No. Correlation 
) { 80 — 0395 + 0753 g {113 + 0192 + 0634 


Thus there is no relationship demonstrable between obliquity and size of femur 
in the Naqada race. We find for the London material : 


No. Correlation ( No. Correlation 
g JR. 212 — +141 + 045 @ IR. 162 — -080 + 053 
L, 221 — 043 + 045 Is, ML —°014+-051 


With the exception of ¢ R. none of these values can be considered to approach 
significance, but the fact that ¢ L. and ¢ R. and L. all support the sign of the corre- 
lation in ¢ R. suggest that a slender relation may really exist and that the longer 
the bone the less in a very small degree is the obliquity, z.e. the requisite breadth at 
the acetabular axis might be reached by either obliquity or length of femur. 

Warren’s paper presents no further purely femoral correlations for comparison 
with our data. 

, Bibl. 45, 
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A few further comparisons of correlations can be made as follows: 


(d) Platymeric Antero-Posterior with Platymeric Transverse Diameter". 


Race No. oR. | No. él. | No. 2 R. No. g ie 
Rothwell “ Medieval ” 80 | +:195+-073 | 105|} +:308+-060 | 57| +:307+-081 | 50| +-304+-087 
17th century Londoners | 236 | +°237+-041 | 247| + -091+-0438 | 179} +:033+-051 | 198] +:106 + 048 

| Modern British ......... 43 (R. + L.) + 432 + 084 ees — — — 


Except for ¢ R. the Rothwell data give values much in excess of ours. 
Hepburn’s “Modern British” give a still higher value of the correlation, but 
we believe this to be due almost entirely to the heterogeneity of Hepburn’s series. 
The evidence of this heterogeneity may be found in the magnitude of his standard 
deviations ; for example, his diameter of head has a standard deviation of 4°791 mm., 
more than double that of Parsons’ and approaching double our values. Parsons’ 
platymeric section does not agree with ours, and therefore his correlation values 
are not really comparable. His distribution of frequency of platymeric indices 
in ¢ R. differs very widely from that of ¢ L. providing a standard deviation of 
R. 8°201 as compared with L. 6:555. While his 105 left male bones show no index 
below 68 and only one of that value, his 25 fewer right males show five values below 
68, namely one at 67, two at 65, one at 68 and one at 59 even! We must either 
assume that he has struck a pocket of very platymeric right bones or that 
his numbers are inadequate to exhibit the true variation and so the correlation. 
We think there is little knowledge to be gained from comparison of these values, 
and believe, till further evidence is forthcoming, that when the platymeric diameters 
are measured by Manouvrier’s rule there is only small relationship between them. 


(e) Pilastric Antero-Posterior with Pilastric Transverse Diameter. 


Our only comparative value is that deduced from Hepburn’s material’: 


Race No. ove No. eq) Lb No. 9 R. No. ly Dy 


+ 262+ -040 | 183) +283 +-046 | 192| +-259+ -045 


Modern British ......... 43 (R. + L.) + 666 + -057 — — = — 
| 


17th century Londoners | 236 | + :308 + -040 | 249 


That Hepburn’s value is more than twice ours, we think cannot be due to difter- 
ence of period, but can only be accounted for by the heterogeneity of his material. 
This section of our paper will at any rate have served a useful purpose, 
if it draws attention to the practical absence at present of all comparative racial 
data for the correlation of characters in any long bone, and further if it emphasizes 
the repeatedly disregarded point that had material indeed been measured and reduced 


it would have been of small service without some standardization of methods of 
measurement. 


* Values found by coefficients of variation method. 
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(iii) Comparison of Femoral Correlations with those of other 
Parts of the Skeleton. 

This section unfortunately must be very brief, if we desire to compare our 344' 
femoral correlations with a similar series for another bone. So far we believe no such 
long series has been published, and it will only be possible in later parts of this 
monograph to compare with similar series for the other long bones. We could 
compare the correlations of our femoral series with those for the bones of the hand, 
but this is really to compare the correlations of parts of one bone with the correlations 
of several bones with one another. Much the same remark applies to cranial 
correlations, although the bones of the cranium are more closely united than those 
of the hand. We have, however, placed in juxtaposition some 212 cranial correla- 
tions determined in the Biometric Laboratory and 324 femoral correlations drawn 
from the present memoir®. They are exhibited in the diagram below. 

The mean of the femoral series is ‘232 +012 and of the cranial series ‘298 + ‘016. 
The cranial correlations thus appear to be higher to some extent than the femoral and 
this is evident from the histograms of the diagram. 

Histograms of Femoral and Cramal Correlations. 
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1 That is the full number of correlation coefficients in Table I. This chapter, however, contains 
386 newly calculated coefficients in tables and text and the whole memoir well over 400. It is the 
calculation of so many correlations which has largely delayed the appearance of this study. 

2 At the time this diagram was prepared only 324 femoral correlations had been determined, 
90 more were added later and are included in Table I. These are Vertical Diameter of Head with 
Pilastric Transverse Diameter, Vertical Diameter of Head with Length of Shaft, Length of Shaft with 
Bicondylar Width, Length of Shaft with Maximum Length of External Condyle, and Oblique Length 
of External Condyle with its Maximum Length, each for the two members and both sexes 


Rees 26 
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But it is very doubtful whether we can assert on the basis of these results that 
cranial correlations are higher than femoral. For in the first place our cranial 
correlations are drawn from a variety of races, and our femoral from one only. In the 
next place the highest cranial correlations are those connecting external measurements 
with capacity, a character having no analogy with any femoral character. Further 
we have found a very considerable number of femoral correlations from indices and 
this regardless of whether the components of the indices were or were not likely to 
provide interesting associations. We have in fact been far more catholic in our 
determination of femoral than of cranial correlations, and the result is that our series 
contains a much larger number of correlations which centre about zero, 1.e. are of the 
type of small correlations which appear when we sample from uncorrelated material. 
It may indeed be doubted whether it would be well to insist on higher correlation 
existing on the average between parts of the skull than between characters of the 
femur. At the same time the publication of the frequencies of these two series of 
correlations may be helpful if it warns the reader of the evil of applying Bayes’ 
Theorem to determine the “ most likely value” of the correlation in a small sample of | 
crania or femora, or indeed of any anthropometric material. In neither case is there 
any approach to a uniform distribution of correlation values, and in particular there is 
a complete absence in both instances of high negative correlations. 


(iv) On the Influence of Side on Correlation. 


In the table on p. 203 are given all cases in which the differences of the right and 
left member correlations exceed twice the probable error of that difference in either 
sex. The values for both sexes are given in order to determine how far there is 
confirmation of results. 

Of the 162 coefficients of correlation which can be compared on left and 1ight 
sides all but 27 differences are probably insignificant. Of these 27, 20 are possibly 
significant and 7 may be considered probably significant. Of the former 14 are 
female and 6 male, and of the latter 4 female and 3 male. ‘Thus the mere possibility 
of right and left differentiation in correlation seems much greater in the female than 
the male. But of the 9 male and 18 female characters which show possible or 
probable significance only two pairs are the same. The correlation of length of shaft 
and pilastric antero-posterior diameter in the female shows probably superior 
correlation in the left member, while in the male there is possibly superior correlation 
in the left. The correlation of the minimum vertical and horizontal diameters of the 
neck shows possebly superior correlation in the left in both male and female. In all 
the other cases of possible significance of right and left difference the male not only 
does not support the female or the female the male, but not infrequently the second 
sex reverses the member which has the superior correlation in the first sex’. If we 
turn to the probably significant correlation differences, we note that of the four 

* To judge this one must note that the sign in brackets in the Ag _1,+¢, columns of the table is 


that of the correlation in the right member. If the sign which follows this is the same the right femur 
has greater numerical correlation; if the sign is reversed it has less. 
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Taste III. Differences of Correlation in R. and L. Femora. 


ae —— 
3 . 
Character Pair Correlated note Nats 
Ap,-1, + a Thea Agr + A 
Popliteal Oblique and Direct Ant. Post. Diam. | (+) —-007 + -013 | [0-5] | (+) +-080+ 018 | 44 
>, 3 | Obliquity and Index of Bowing.. (—) — 060 + -064 bo-94 —)—286+ 073 | 3-9 
rs = | Length of Shaft and Pilastric “Ant. Post, Diam, (+)—°136 +057 | 2-4 | (+)—:213+ 063 | 3-4 
Se Robusticity of Femur and Index of Bowing (+)+°209+ 061 | 3-4 | (+)+-086+ :073 | [1-2] 
£ §| Index of Bowing and Bicondylar Width (—) + 076 + -076 | [1:0] | (—)—:286+-091 | 3-2 
as Capito-Collar Length and Index of Bowing... | (—) —'202 + -063 | 3-2 | (+)—-014+ 073 A 
Ellipticity of Neck and Platymeric Index (—) -7193+-063 | 3:3 | (+)+ 0374-071 fo 
Torsion of Shaft and Platymeric Index .. | (+) — 025 + 065 | [0-4] | (+)—°208 + ‘072 | 2:9 
Vertical Diam. of Head and Pilastric Trans. Diam. | (+) +°148+4:052 | 2°8 | (+)—-036+-069 | [05] 
Pilastric Index and Index of Gracility (Lower) | (—)+-054 +052 |[1:0] | (—)+°158+-057 | 2°8 
Capito-Collar Length and Torsion of Femur (—) — 090 + 064 | [1:4] | (-)+°207 4-074 | 28 
Vertical and Horizontal Diameters of Head (+) + 009 + 006 | [1-5] | (+)—-021+ -008 | 2°6 
» | Capito-Collar Length and Bicondylar Width ... | (+)—:041 +067 O-8 (+) —°230 + 087 | 2-6 
& | Platymeric Ant. Post. and Trans. Diameters ... | (+)+°146+-059 | 2-5 | (+)—-073+-070 | [1-0] 
<= | Popliteal Index and Torsion of Shaft .. (+) + 170+ -067 | 2°5 | (+)+-048+-076 | [0-6] 
& | Vert. Diam. of Neck and Horiz. Diam. of Neck (+) — 092+ -040 | 2°3 | (+)—"126+-053 | 2-4 
7 | Maximum Length and Pilastric Index ... ... | (+)—102 + 062 | [1-6] | (+)—-161+ -069 | 2:3 
| Torsion of Femur and Bicondylar Width - (+) +°122+ -O077 | [1:6] | (+) + -216+-093 | 2:3 
<2 | Popliteal Width and Popl. Direct Ant. Post. Diam. | (+) —°006 + 044 | [0-1] | (+)+-109+-048 | 2°3 
2 | Maximum Length and Platymeric Index (+) + °040 + 064 | [0-6] | (+)—--154+ 071 | 2:2 
Ai | Torsion of Shaft and Platymeric Index (—)— "124 + 065 | [1-9] | (-)—-156+-074 | 2-2 
Capito-Collar Length and Length of Shaft (+) +035 + 062 to-8| (—)—-180 + -062 | 2:1 
Platymeric and Pilastric Indices : (+) + 096 + 046 | 2-1 | (+)—-017 + -059 | [0-3] 
Index of Bowing and Popliteal Index ... 5 (—)—:093 + -063 | [1-5] | (+)+°146+-071 | 2-1 
Pilastric Index and Index of Gracility (Lower : : : i ¢ : 
e for constant Pilastric Transverse ae) Cee ET) 1S b+ 066) 2:0 


female significances, one only is associated with a possible male significance ; in the 
other three cases not only are the male differences quite insignificant, but two of 
them are associated with a reversal of the member showing the higher correla- 
tion. The three male probably significant differences are all associated with cases 
of female insignificant differences, and in two of these cases the very signs of the 
correlations themselves are opposite in male and female. We conclude accordingly 
that there are practically no substantial differences in the correlation of right 
and left members due to rightness and leftness as apart from sex. Such differences, 
few in number, as appear to be significant, are presumably secondary sexual 
differences and are not identical for the two sexes. We have come across no 
case in which the right and left members indicate probably significant differences 
in correlation for both sexes alike. 

Although there are so few significant differences between R. and L. correlations 
taken individually, it is worth inquiring whether there is any predominance in our 
long series as a whole. Out of 162 pairs of correlation coetficients there are 
116 in which the correlation is positive in both right and left members; the 
correlations are equal in two pairs, in excess 63 times on the right and 51 times 
on the left. The average would be 57, or there is a deviation of 6°0 which is 
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only slightly above the magnitude of the standard-deviation (5:4) on the basis 
of an even chance of R. or L. happening to be the greater. Of the 27 cases 
in which both correlations are negative, in 13 the right, in 14 the left has the 
greater numerical value. There are 19 cases in which the correlations are small 
and of opposite sign, in 9 the numerical value is greater on the right, in 10 on the 
left. It is clear that there is no general predominance in correlation of either 
member. This result appears to confirm our previous conclusion of the relatively 
small extent of side differentiation, Had selective influences produced sensible 
differentiation in size of right and left bones, it would have been very unlikely 
that the correlations should not have shown more marked signs of inequality. 
For such selection modifies correlation. 


(v) On the Influence of Sex on the Femoral Correlations. 
A very little examination of our table on pp. 194—5 will convince the reader of 
a predominance of the male correlations over the female. At the time when we 
took statistics of the matter 172 pairs of correlations were available for comparison. 
An examination of the diagram shows the preponderance of males over females in 
the substantial correlations above *5. Actually the means are 
gr = 263 + 017, 2 :—r = 233 + ‘016. 


Histograms of Male and Female Femoral Correlations. 
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But a more striking analysis is as follows: Of the 121 correlations which are 
positive in both sexes no less than 86 have a greater value in the male, 34 only 
are greater in the female and there is one case in which the correlations are equal. 
In 30 cases the correlations are negative in both sexes, and of these the male is 
numerically greater in 16, the female in 14; while of those 21 which have unlike 
signs 10 are numerically greater in the male, 11 in the female. Thus judged, as we 
think the matter must be, by the correlations positive in both sexes, the male shows 
a noteworthy excess of correlation. In the negative and opposite sign correlations 
—which are usually small and due .probably to small samples from material really 
uncorrelated—the sexes are fairly balanced. 

It remains to consider in what pairs of characters the sexual difference is most 
marked, and then if possible to suggest a reason for this great sexual difference. The 
contrast between Tables III and IV is marked and indicates how much more important 
sex is than side as a factor of differentiation. For sex we have eight differences which 
are four or more times their probable errors in comparison with one only for side. 
For sex we have 21 differences between three and four times their probable errors 
as compared with six only in the case of side. And lastly for sex we have 32 
differences between two and three times their probable errors as compared with 
only 20 in the case of side. Or looked at from another standpoint 135 out of 
162 pairs of correlations have insignificant differences in the case of side, but only 
111 out of 172 pairs in the case of sex. Another easily appreciated point in the 
table is: that of the 61 probably or possibly significant differences in correlation 
53 show greater correlation in the male bones. Of the 29 probably significant 
sex differences in correlation only two show preponderance of correlation in the 
female, a.¢. Robusticity of the Femur with Index of Gracility (Lower) for the 
right and left bones combined, with a difference 3:2 times its probable error, 
and capito-collar length with torsion of femur on the left side with a difference 
three times its probable error. This latter difference is insignificant and reversed 
on the right side. Of the 32 possibly significant sex differences only six show 
predominance of female correlation. They are: 

(a) Obliquity and Index of Bowing on right side with ratio 2°5. This is 
insignificant (0°8) on left side, where the correlation is indeed of opposite sign. 

(b) Index of Bowing and Bicondylar Width on right side (2°1). There is 
male preponderance with a higher ratio (2°5) on the left side. 

(c) Vertical and Horizontal Band-Radii (2:0) on the right side. The difference 
has the same sign, but is insignificant (1°3) on left. 

(dq) Torsion of Shaft and Pilastric Index on the left (2:1). This is insignificant 
(0°6) and reversed on right. 

(e) Robusticity of Femur and Collar Angle on the left (2:1). This is of the 
same sign, but insignificant (1°3) on the right. 

(f) Oblique and Maximum Trochanteric Lengths (2°0) on the left. This is 
more significant (2°5), but reversed on the right. 
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It is difficult on this evidence to claim female predominance in correlation for 
more than a single pair of characters. The less the index of gracility, the more 
gracile is the bone, and since the correlation of the indices of gracility and robusticity 
is positive, we conclude that the more gracile a bone, the less robust is its character. 
This association of the absence of robusticity with gracility appears more intense in 
female femora. 

We must now analyse the cases in which the male bones show predominance 
of correlation. Of the 29 cases of most probable or probable significance we 
note : 

(a’) Oblique and Maximum Lengths of External Condyle. Most probably 
significant for both sides. Now if we turn to Table X on p. 182 we note that 
the male bone is more variable than the female in all four cases of oblique and 
maximum lengths of external condyle and on the left side in the case of the 
oblique length this excess of variability rises to great importance. 

(b') Vertical Diameter of Neck and Bicondylar Width most probably significant 
on both sides. In all four cases Table X again shows us male predominance of 
variation and in the case of the vertical diameter of the neck this predominance 
is very significant. 

(c’) Vertical Diameter of Neck and Oblique Length External Condyle. Most 
probably significant on left and possibly significant on right. This is again a case 
where Table X shows the marked predominance of male variation, especially on 
the left side for oblique condylar length. 

(d’) Trochanteric Length and Maximum Length External Condyle. Most 
probably significant on left and possibly significant on right. In the trochanteric 
length Table X shows that there is no significant sex difference in variability. 
In the maximum length of external condyle there is a somewhat greater male 
predominance of variability more marked on the left side. 

(e’) Maximum Lengths of External and Internal Condyles. Most probably 
significant on left and possibly significant on right. 

(f’) Bicondylar Width and Oblique Length of External Condyle. Probably 
significant on both sides. Again cases in which all characters show uniform, if 
not in bicondylar width marked, male predominance of variation. 

(g’) Vertical Diameters of Head and Neck. Probably significant on both: 
sides. There is very marked male predominance of variation (Table X, p. 182) 
in both vertical diameters of head and neck. 

(i’) Maximum Length and Vertical Diameter of Head. Probable significance 
on right and possible significance on left. In the case of the maximum femoral 
length male variation predominates on right and female on left, both of no 
importance. Very significant male predominance on both sides for the vertical 
diameter of the head. . 

(7’) Oblique Length and Capito-Collar Length. Probably significant on 
right and possibly on left. Slender female predominance of variation in both 
characters. 
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(7) Maximum Length and Capito-collar Length. Probably significant on right 
and possibly on left. Balanced variation in first, slight female preponderance in 
second character. 

(K’) Bicondylar Width and Maximum Length External Condyle. Probable 
significance on right and transition to insignificance on left (1°8). Male pre- 
dominance in variation but of no marked kind in both characters. 

(’) Bicondylar Width and Vertical Diameter of Head. Probably significant 
on right and possibly significant on left. Male predominance of variation slight 
in bicondylar width, marked in vertical diameter of head. . 

(m’') Vertical Diameter of Head and Oblique Length External Condyle. Probably 
significant on right and possibly significant on left. Marked male preponderance 
of variation in three out of the four series, and slight preponderance in the fourth. 

This concludes the 13 pairs of characters in which the male preponderance is at 
least probably significant on one side and not below possibly significant on the other. 
It will be seen that with the exception of (2) and (j’) which involve the capito- 
collar length—a character insignificantly more variable in the. female than the 
male—the character pairs all mvolve measurements of the epiphyses in which there 
as a preponderance of male variability. 

If we turn to the remaining ten pairs of measurements falling into the most 
probably or probably significant classes’, we find significant male preponderance on 
one side associated with insignificant reversal or female preponderance on the other 
side in five cases: 1.€. 

(a) Platymeric Index and Ellipticity of Neck. Right 4:0, Left 0-7 and sign 
reversed. ; 

(8) Platymeric Antero-posterior Diameter and Platymeric Transverse Diameter. 
Right 3:1, Left 0°2 and sign reversed. 

(y) -Platymeric Index and Maximum Length. Left 3:4, Right 0°5 with sign 
reversed. 

(5) Maximum Length and Bicondylar Width. Right 3:3, Left 0°3 and sign 
reversed. 

(ec) Popliteal Oblique and Direct Antero-posterior Diameters. Left 3:9, Right 
1'3 and sign reversed. . 

Now these pairs are peculiarly instructive; except for the bicondylar width 
in one case they do not contain the epiphysial measurements wherein great male 
preponderance of variation has been noted. But they do contain measurements 
in which peculiar sex differences on right and left side have been recorded. 
Turning to Table IX (p. 181) we note that: there is a preponderance of female 
variability (—1°9) on right side and of male variability (+2°9) on left side in 
the platymeric index; further there is a preponderance of slight male variability 
on the right and of female variability on the left in the ellipticity of the neck ; 
while in the popliteal direct and oblique antero-posterior diameters (Table X, p. 182) 

1 There are 29 such measurements, 2 show female correlational excess ; four pairs (8 cases) occur on both 
sides, 9 cases are paired with possibly significant cases, thus leaving 10 pairs of measurements to be dealt with. 
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there is most significant female preponderance of variability on the left side and 
small male significance on the right. It. would thus seem that we are dealing 
with a group of characters which do not run in the same way in both right 
and left members. The reader will find this view confirmed if he examines the 
position of the side differences for male and female of the platymeric index and 
the ellipticity of neck in Table VII, p. 177, and the two popliteal antero-posterior 
diameters in Table V on p. 175. In these cases the side differentiation is obscuring 
the sexual differentiation. Until we have very much longer series it will not, we 
believe, be possible to separate out the exact influence of sex; we have first to 
account for, or at least confirm, the marked side differences. 

If we turn to the remaining five pairs of characters in which both sides show 
the same sign, probably significant on one side and non-significant on the other, 
we find at once a return to the epiphysial measurements. They are: 

(a’) Capito-collar Length and Shaft Length. Right 3:0, Left 1:5 of same sign. 

(@’) Vertical Diameter of Head and Pilastric Transverse Diameter. Right 3°7, 
Left 0°6 of same sign. 

(y’) Vertical Diameter of Head and Length of Shaft. Right 3°3, Left 1:2 
of same sign. 

(5) Bicondylar Width and Trochanteric Length. Right 3-2, Left 0:2 of 
same sign. 

(c’) Platymeric and Pilastric Indices. Right 3:1, Left 0°1 of same sign. 

The last pair as shown by Table IX, p. 181, are very anomalous in their 
variability and no stress can be laid on the result. é 


Lastly we may pick out from the possibly significant those character pairs 


which show the same sign on both sides. They are: 

(¢’) Maximum Length of External Condyle and Length of Shaft. Right 2-7, 
Left 2°6 of same sign. 

(y’) Vertical and Horizontal Diameters of the Neck. Right 2°3, Left 2:0 of 
same sign. 

And close up to these ; 

(0’) Torsion of Femur and Pilastric Index. Right 2:3, Left 1:9 of same sign. 

(’) Torsion of Shaft and Retorsion of Bust. Right 2°8, Left 1-9 of same sign. 

The retorsion of bust is a character with considerable male preponderance, and 
the torsion of femur one with probably female preponderance. Both torsion and 
pilastric index show marked sexual differences: see Table VIII, p. 136, and Table IX, 
p. 142. 

Now this analysis of the cases of male predominance seems to indicate clearly 
that the predominance occurs in a marked way in those epiphysial characters 
where the female variability is less than the male. Now let us consider the 
possibilities which could have produced this lessened correlatiom in the female bones. 

(i) Selection may have acted more intensely on the male bone, directly 
selecting not its absolute characters, but their correlation with one another with 
a view to its greater fitness for physical functions. Were this the case the fact 
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that the correlations are greater precisely in those characters where the female is 
less variable would require explanation. 

(1) Selection may have acted on the absolute size of the female epiphysial 
characters. In so doing and reducing their variability it would have lessened 
their correlations. It must be remembered that the female bones being less in 
absolute size than the males, any errors in measuring the small epiphysial 
measurements are likely to be more influential in the case of the female bones. 
But this would, we think, tend to increase rather than decrease the apparent 
variability. 

It appears to us that a selection of female absolute size which would tend to 
reduce correlation is the source of the observed male preponderance in correlation, and 
as we have shown in Table X, p. 182, it is precisely in the epiphyses that this pre- 
ponderance of male variability in absolute size exists. It would be idle here to repeat 
the arguments of p. 183, which seem to us to establish the likelihood that the proximal 
epiphysis in the case of the female has been stringently selected owing to the need 
for establishing the best conditions for equilibrium in pregnancy, while the distal 
differences might be but are not necessarily accounted for by a post-mortem selection 
of the more substantial female bones, or an ante-mortem selection of the women of the 
working classes, who were left in the city to die of the plague. The views expressed 
are supported by the fact that after the epiphysial characters it is the capito-collar 
length and the torsion which give the most significant male preponderance of 
correlation and these are precisely characters which in their relation to pelvic 
needs are most likely to have been subject to stringent female selection. 

To conclude, we cannot infer from our analysis of the preponderance of male 
correlation in the measurements of the femur, that it indicates that the male 
bone has been evolved as a fitter organ with more intensely correlated parts for 
its physical functions. The preponderance does not occur in the correlation of all 
or indeed of many pairs of characters. In fact hardly at all in pairs of characters 
taken from the diaphysis or from the diaphysis and one or other epiphysis. It 
is just what would arise if the dimensions of the epiphyses had been more 
stringently selected in woman than man. Such selection was we believe in our 
case partly periodic—post- or ante-mortem—of existing individuals but also in 
part secular, or arising from the evolution of the race, exhibited in the tendency 
to increase the efficiency of the female femur as a support during pregnancy by 
reducing in a marked degree the variability of its bust, and possibly in a less 
degree, or at least in a less definitely proven degree, the variability of the distal 
epiphysis. ; 


(vi) General Consideration of the Distribution of Correlation in 
the Parts of the Femur. 

(i) Whole Bone with Whole Bone. Starting with characters of the whole 
bone correlated with characters of the whole bone we should naturally expect to 
find and do fmd extremely high correlations between measurements which to a 
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large extent cover each other; such for example are the oblique and maximum 
lengths, and the oblique trochanteric ‘and maximum trochanteric lengths, all values 
over *99. Apart from such characters, features which are more or less those of 
the femur as a whole, for example its obliquity and torsion, have but small 
relations among themselves or to the absolute size of the femur. The obliquity 
is hardly related to the length of the femur, and what relation there is is 
negative, v.e. the shorter the femur the more oblique it is. It would thus appear 
that requisite breadth of the pelvis at the acetabula is only partially obtained in 
short femora by increased obliquity. This is confirmed in a general way by the 
correlations between the obliquity and the robusticity* of the femur which although 
positive are practically insignificant. The robusticity of the femur is measured 
by 100 times the sum of its pilastric diameters divided by the oblique length. 
A short thick femur shows increased robusticity, but this is accompanied by no 
sensible increase of obliquity. 

The absence of any significant relation—what exists is suggestively reversed in 
sign in the case of the female—between length of femur and angle of torsion of 
femur indicates how the osteologists’ measure of torsion by total angle is justified. 
The smallness and irregularity of the torsion and obliquity results demonstrate 
how nearly independent of each other are these two fundamental characteristics. 

(ii) Whole Bone with Prowmal Epiphysis. It would be wrong, however, 
to suppose that the correlation of the size of the femur with other characters 
is only: large when the latter form considerable component parts of the size 
measured. The maximum and trochanteric lengths are quite considerably correlated - 
especially in the male with the bicondylar width and still more highly with the 
maximum length of the external condyle. The supposition is refuted also by the 
considerable correlations between the size of head and size of femur. A massive or 
long femur does imply that certain portions of proximal and distal epiphyses are also 
large. That this result is not due to the epiphyses contributing certain portions 
(relatively small indeed) to the major femoral lengths is evidenced by 

(a) the relatively small correlations of the capito-collar length, especially in 
the female, with both maximum and oblique femoral lengths, and 

(b) the length of shaft alone being substantially correlated with the vertical 
diameter of the head (but noé with the capito-collar length) and again with the 
bicondylar width and the length of the external condyle, which are not sub-portions 
of itself. The peculiar position of the capito-collar length as determined by us 
(see p. 197) is its small-association with the size of the femur as a whole, especially 
in the case of the female. It might at first sight appear that this result could 
only be due to unusual or defective methods of determination. But the practical 


* Some objection has been taken to our use of the word “robusticity,” on the ground that the 
English noun is “robustness.” But we have purposely used an English form of the French Indice de 
robusticité, because we are not prepared to say that this index accurately measures the “robustness” 
of the femur. We prefer to use a term directly derived from M.L. robustitas for a new technical term, 
where an accepted word might have implied full acceptance of its “atmosphere.” 
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absence of correlation between shaft length and capito-collar length (a value 
negative indeed in the female) is accompanied by a quite sensible correlation 
between capito-collar length and bicondylar width. 

To throw further light on this curious point the correlations of the length of 
neck with diameter of head, with capito-collar length, and with length of femur 
as a whole were investigated. As “length of neck” we took the capito-collar 
length less half the vertical diameter of the head. With this definition the average 
length of the neck is’: 


SR. 31. oR. oi De 

53°51 53°83 47°82 47°01 
against the capito-collar lengths: 

77°04 Cf 21. 68°38 67°40 


Thus the neck is more than two-thirds of the capito-collar length and should 
form the more important contributory factor in the correlation of the capito-collar 
length with the maximum length of the femur. If n=length of neck, h= vertical 
diameter of head, b=bust length or capito-collar length, and = maximum length of 
femur, then all the correlations can be found indirectly from the formulae : 


gat 2 1 2 = 1 
On = 5 45n — IF, Fn Tons Can = (a; Uy am 40%)/on, 


Tn = (01 —-39n Ton) Ons Tmt = (04% — Bn in)/On- 
oO», o, are given in our Table I, p. 162, and 7,, 7,, and 7,, in our Table II, p. 194. 
In the following table we give the values of the correlations just indicated 
with others already found. The table brings out very clearly why the size of 
head is correlated fairly substantially with the size of the femur, whilst there is only 
a small correlation between the capito-collar length and the size of the femur. 


Correlation of Parts of Bust with Maximum Length and other characters. 


~ Character Pair oR. él. 2 R. Pe 
Length of Neck and Vertical Diameter of Head +173 + 145 +117 +134, | 
Length of Neck and Capito-Collar Length + ‘980 + °980 + ‘987 + 987 
Length of Neck and Length of Femur : + 194 +112 + 014 + ‘005 
Vertical Diameter of Head and Capito- Collar ‘Length + +366 + 341 +277 + °290 
Vertical Diameter of Head and Length of Femur . + 590 + 532 + 411 + 405 
Capito-Collar Length and Length of Femur us + 303 +214 + 030 +086 © | 


More than two-thirds of the capito-collar length are occupied by the neck and 
this neck has relatively small correlation with the size of the femur, and indeed 
with the size of the head itself. Thus the substantial correlation of size of head 
and size of femur is watered down, when we add the much larger but lowly 
correlated neck to the head in order to form the capito-collar length. We know 
that both head and bicondylar width are very good measures of the size of a 
femur, the length of neck is now shown to be a poor measure, and this is con- 
firmed by the fact that the correlation of capito-collar length and bicondylar width 


1 The corresponding standard deviations are: ¢R. 6:7174, ¢ L. 65406, 9 R. 6:1252 and ? L. 6:0262. 
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is only half the value of the correlation between the vertical diameter of the head 
and the bicondylar width. The following values indicate the relationships: 


Character Pair oR. ous 2 R. 9 L. 
Vertical Diameter of Head and Bicondylar Width ...| + °750 +°770 | +584 + 654 
Length of Neck and Bicondylar Width* oe Re +237 SS) ee sOD6 +:285 
Capito-Collar Length and Bicondylar Width... a + 376 + °335 + ‘150 + 380 
Vertical Diameter of Neck and Bicondylar Width ... + -683 + *692 + °297 + °388 


* Determined, if w= bicondylar width, from the formula: 
Taw = (CoN ow — $ TT rw) /Tns 
and the use of the already ascertained values of 0%, o,, Gp aDd Tow, Try: 

And we again see the watering effect of the low neck correlations on the 
total correlation of the bust with the bicondylar width. It is interesting to note 
that the correlations of length of neck with bicondylar width though small are 
larger than the correlations of the former with the femoral length. The last 
correlation inserted shows especially in the case of the male that a character of 
the neck other than the length may be highly correlated with bicondylar width. 
Again the vertical diameter of the neck is highly correlated with the bicondylar 
width in males and with the vertical diameter of the head in both males and 
females. It is thus closely related to what may be spoken of as good indicators 
of femoral size. But if the length of the neck be not correlated with size we 
should anticipate little correlation between the length of neck and its minimum 


vertical diameter. Accordingly we made a special investigation of the correlations ~ 


of the capito-collar length with the minimum vertical diameter of the neck, and 
deduced from these by aid of the formula 

Van = (Op Von, —3On Tin.) On 
where 7 is the length and n, the vertical diameter of the neck, the correlation 


of the vertical diameter and length of neck. The following table gives our results 
with other values put for comparison : 


Character Pair ES dang gL. 2 R. obi 
Vert. Diameter of Neck and Vert. Diameter of Head OO ee (alka + 612 + 656 
| Vertical Diameter of Neck and Bicondylar Width ... + 683 692 Ss A) + ‘388 
Vertical Diameter of Neck and Capito-Collar Length 4, BUG) sey) + ‘087 + 096 
Vertical Diameter of Neck and Length of Neck ths Eee ail +205 —-014 = (ili 


It will be seen that the relation between length and depth of the neck is 
positive but small in the case of the male, and negative, but insignificant in the 
case of the female. In other words our two factors of the neck: vertical diameter 
of neck largely influenced by size of femur and length of neck very little in- 
fluenced by size, are seen to be remarkably little associated with each other. 

The reader who will examine our description of the determination of the coaxial 
point D on p. 20 will observe that our construction for the capito-collar length is 
absolutely independent of either face of the femur. But in most femora the line 


ae. 
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through the coaxial point perpendicular to the standard vertical plane meets the 
posterior face in the near neighbourhood of the intertrochanteric ridge; on the 
other hand it meets the anterior face externally to the spiral line. The reason 
for this is clear: the “length of the neck” is no exact quantity, it is much 
larger on the posterior than the anterior face. Our capito-collar length is nearer 
the length on the posterior than the anterior face, and the length of the neck on 
the anterior face cannot be simply termed “length of neck,” without regard to 
what is happening on the posterior face. Our “length of neck” is a geometrical 
rather than an anatomical conception, but it does agree fairly closely with the 
“length of the neck” as measured on the posterior surface. Hence when we assert 
that the length of the neck has very small relation indeed to the size of the femur, 
the reader must bear in mind the exact length to which we are referring. It is 
conceivable that greater or less correlation may hold for measurements more 
nearly corresponding to the length of neck on the anterior surface. Parsons’ 
gives a measurement which he terms “length of neck,’ but which appears to 
consist of the length of neck+radius of the head, the former being taken on the 
anterior surface. We have already (p. 22) criticised his method of measurement. 
But it still seemed worth while investigating the relation between his “length of 
neck” less half the diameter of the head, which we think will more or less 
correspond to the length of neck on anterior surface, and the size of the femur 
as determined by its maximum length. We have pooled his right and left bones, 
as otherwise his data are dangerously slender for correlation work. His mean 
values are: 
é(R. + L.) 41:08" ?(R.+ L.) 35°63 

which compared with our values on p. 213 show, since the Rothwell femora are 
bigger than the London, that there is something like 12 mm. difference between 
the ‘length of neck” measured on the anterior and posterior faces of the bone. 

We found the correlations between the length of neck measured on the 
anterior face and the maximum length of femur to be: 

$: °320+°047 $: 308+ °061 
These are not very high correlations but somewhat higher than those found by 
us for our length of neck and maximum length of femur in the case of the 
male, and now rising to a sensible value in the case of the female. Some light 
is thrown on the difference in the correlation values by considering the coefficients 
of variation of the lengths of neck as measured approximately on the anterior 
and posterior faces. They are: 
Anterior Face: 6 (R.+1L.) 9°65, 9 (R.+1.) 9°15; 
Posterior Face: 6 R. 12°55, ¢ L. 12:15, 9 R. 12°81, 9 L. 12:82. 

Clearly the length on the anterior face is a far less variable quantity, and 

this might justify its general use, were it not better, as we believe, to replace 


1 The femur of the subgiant L. 63 (see our ftn. to table p. 197) and a bone R. 27 with a very anomalous 
length of neck which we suspect to be pathological are omitted. It may be worth while putting on record 
the standard deviations: ¢: 3°963 and 2: 3:259 and the coefficients of variation: ¢: 9°65 and 2: 9:15. 
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its purely appreciative estimation by a process which admits of far less personal 
equation, and the definition of which is absolutely independent of anterior or 
posterior face, although it happens to agree more closely with the latter than 
the former value. The total evidence seems sufficient to indicate that the capito- 
collar length consists of two parts: the head-factor closely correlated with the 
size of the femur and the neck factor which has no such close relation, especially 
in the case of our female series. 

If the length of neck be little influenced by the size of the femur, it 
becomes of much interest to determine what factors really determine its size. 
Probably no final conclusion can be reached until we are able to compare pelvic 
with femoral measurements,—the breadth of the pelvis from centre to centre of 
acetabula has we anticipate much bearing on the matter. The suggestive 
correlations are: 

(a) The capito-collar length and the collar angle. This is not very large 
(circa —°25), but in every case significant and negative. In other words the steeper 
the neck, the shorter it is. This result is indicated photographically in Plates X 
and XXX. It appears directly opposed to the conclusion 11° of Parsons (p. 266, Bibl. 
No. 111) who states that in males the longer the “neck” (his neck+head) the 
larger the angle, and that there is no relation between angle and neck in females. 
With us the relation is somewhat more intense in females. We cannot say whether 
- this divergence in result is due to a difference in material, to a difference in method of 
measurement, or more probably to Parsons’ very inadequate treatment of correlation. 


(L) The uniformly negative if only small correlation between the capito- - 


collar length and the torsion of the femur. We suspect that this signifies that 
there is larger retorsion in the case of a long neck and so less total torsion. We 
are not in a position to explain the mechanical origin of this association, and we 
suspect that like (a) it needs a discussion of pelvic conditions. 

(c) The fairly considerable and positive correlations of capito-collar length 
and bicondylar width. This suggests that the bust of the femur is influenced 
not only by pelvic conditions but also by the size of the distal epiphysis. 

Now there is a somewhat important element to be considered here, namely 
the projection of the centre of the head beyond the midtrochlear point on the 
mesial side. Let this projection be p. Then it would seem needful that p should 
always be less than about half the bicondylar width and it is therefore probable 
that it is highly correlated with that width. Clearly: 

p=sxsino—cxsin(0+k) cost 
where s is the shaft length, ¢ the capito-collar length, and 0, 7, « obliquity, torsion, 
and collar angle. Substituting the mean values to obtain approximate mean 
values for p, we find in mm.: 


oR. oh. 2 R. pal Ws 


30°718 13-099 


Mean projection Z 7668 31:471 


i 
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_ The results are somewhat remarkable’. The centre of the head falls externally 
to the midtrochlear vertical. The amount is absolutely greater in the female 
than the male, and most markedly larger in the left than in the right member 
fot both sexes. The source of this difference lies only to a small extent in the 
absolute differences of shaft and capito-collar lengths of right and left bones, but 
particularly in their great differences in obliquity and to a lesser amount in their 
differences in collar and torsion angles. Increase in obliquity means increase in 
the contribution of the shaft to the projection; and again since the sum of 
obliquity and collar angle is greater than 90°, increase in both of them reduces 
that portion of the projection which is due to the capito-collar length and requires 
to be subtracted. Further the torsional angle is greater on the left and thus further 
emphasises the difference. It would in future investigations be desirable to measure 
this projection which could be easily done by a simple arrangement on the 
osteometer, when the obliquity is taken. The correlation of p, the capital projection, 
and the bicondylar width should for the static equilibrium be very considerable, 
and is probably greater on the left than the right side. We conceive that the 
need for a close relationship of capital projection and bicondylar width is the 
source of the correlation of the latter with the capito-collar length. 

No significant relation between either the obliquity or the collar angle and 
the length of the neck appears to exist. We correlated the “true length of neck” 
in the Rothwell material, z.e. Parsons’ length of neck less his radius of head with 
both obliquity and collar angle with the following results, where owing to paucity 
of material right and left members are pooled : 


Character Pair | s(R4L) | 9 (R+L,) 
Obliquity and Length of Neck — ‘142 + 053 +194 + 067 
Collar Angle and Length of Neck + 129+ -051 — 072 + :066 


In both cases the female, reverses the male sign of correlation. The values cannot 
be considered significant in the case of the collar angle. They are possibly just 
significant in the case of the obliquity. Accordingly a long neck is slightly 
associated with lessened obliquity in the male, and somewhat more markedly with 
increased obliquity in the female’. 

It will be seen that the neck has very little relation to those characters of 
the femur as a whole, which might be supposed to influence it; there is still a 
relation to the bicondylar width which needs analysis and explanation, but probably 


1 They embrace the most noteworthy differentiation of right and left members we have yet met 
with. The weight on the left knee-joint seems to be applied more laterally than on the right. Can 
this be associated with a differentiation in weight of the right and left sides of the body? 

2 Parsons (Bibl. 111, p. 267) states that the amount of the obliquity does not seem to vary with the 
length of the bone (we find it persistently negative, although insignificantly small), the angle of the 
neck (this is incorrect, it is significantly correlated and persistently with the negative sign) or the length 
of the neck (this also appears incorrect on the Rothwell material itself, although more accurate methods 
than Parsons’ are necessary to determine it). . 
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its associations will hardly be fully expressed and cleared up until we can study 
the combined system of pelvis and femora. | 

Before we leave the relationship of the proximal epiphysis to the whole bone, 
it is well to draw attention to the influence of robusticity on the neck. We have 
already noted that the robusticity is very slightly related to the obliquity—a short 
thick femur being a trifle more oblique than a long thin one,—but the relationship 
is somewhat more marked in the case of the bust. A short thick femur has on 
the average a longer capito-collar length and a smaller collar angle, and this is in 
keeping with the sensible negative correlation between obliquity and collar angle. 
One can hardly doubt a compensatory process here, which by lengthening the 
bust and reducing its inclination to the horizontal decreases the capital projection, 
and lessens the chance of the vertical force on the femoral head falling beyond 
the limits of the external condyle. 

(ii) Whole Bone with Shaft. At first sight the correlations of characters of 
the diaphysis with features of the femur as a whole seem small and only of interest 
because of their insignificance, for we might have expected closer associations. 
Fuller examination indeed tends to confirm this view, but at the same time it 
must be noted that only a selection of pairs of characters has been exhibited, 
none of which falls into the category of features whose portions have been 
correlated with their wholes. To rectify any impression arising from this omission, 
we place here the correlation of the length of shaft with maximum length of femur. 


Character Pair oR. | él. 2 R. Uns 


Length of Shaft and inealee 


Length of Femur eo eoy 0 


+ 875+ :011 + ‘963 + :004 + 944 + 006 


These results are of course high, higher, indeed, than the correlations between 
bicondylar width, or diameter of head and maximum length; but they are not 
higher than we might anticipate, recognising how large a proportion of the 
maximum length is covered by the shaft length. Again we have not correlated the 
fundamental lengths of femur with either antero-posterior or transverse diameter 
of the shaft. But we have correlated these with the length of the shaft, and 
tm view of the high correlations of maximum length with its component length 
of shaft, we might, perhaps, draw the conclusion that the fundamental lengths of 
the femur will have no more important relationships than the shaft has to the 
transverse or antero-posterior diameters of the femur. An indirect investigation 
of this can be made from the coefficients of variation of the robusticity of the 
femur. Let d, and d, be the antero-posterior and transverse pilastric diameters 
of the femur. Then the robusticity is 1002, where 7,=(d,+d,)/m’=d/m’ say, and 
m’ is the oblique length. Accordingly : 

Uae Uns Ue 
aie! 2VaU mi 
but : Vg = (04, + oa) + 204, 04,%a,0,)/ (dat t)- 
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We can thus calculate the correlation between the oblique femoral length and 
the sum of the pilastric diameters. We find: 


oR. oul 9 R. ¢L. 


Sum of Pilastric Diameters and) ’ , , AAS O70 4 : OAK 
Oblique Femoral Length J + 4424+ -038 | + E00 = 035 | +:279+°-049 | +:°378+ -045 


Sum of Pilastric Diameters and), | ., .. : i : ; : 3 : 
Length of Shaft } + °283 + :041 + 366 + -039 + 231 + -049 + 371 + :043 


* Found if s be shaft length from: 14¢ = (7sa,%d, + sa;%a,) | Ta: 


It will be seen that our conclusion would not have been wholly justified, the 
correlation of the pilastric diameters of the shaft are in each case greater when 
taken with the oblique femoral length than with the length of the shaft. The 
reason for this must lie in the greater association with the diameters of the ‘shaft 
of those parts of the femur, namely the epiphysial portions, included in the 
oblique length, but not in the shaft, than in those parts common to shaft and 
whole femur’. At the same time while the size of the femur, as represented by 
its oblique length, is quite definitely correlated with the sum of the pilastric 
diameters the correlation falls considerably short of those of the maximum length 
with the diameter of the head, the bicondylar width or the length of the external 
condyle. It is of interest to note that the association of length of femur with 
pilastric diameters appears to be greater in the male than the female and greater 
on the left than the right side. 

Returning to our Table II we will now consider for the section of the whole bone 
with shaft its chief insignificances. The torsion of the femur, as discussed more 
fully later, has no relation of any real significance to any of the three principal 
shaft indices, platymeric, pilastric or popliteal. The index of bowing might on 
mechanical grounds be supposed to be associated with the robusticity of the 
femur, the length of the femur, its obliquity and its torsion, and this in a marked 
degree. There are slight relations to be discussed more fully in the next chapter, 
but nothing to justify us in the assumption that bowing in the bulk of normal 
cases arises either from mechanical influences, or is organically closely associated 
with other general characteristics of the femur. Further it is true that the more 
robust the femur, the less its gracility (the less the index the greater the gracility), 
and the relationship is quite appreciable, but it is not of that magnitude that 
we can say that gracility and robusticity are in any way exclusive, characters. 
Lastly the size of the femur is seen to have no persistent and significant relation 
to platymery: it has a persistent, significant, but by no means marked relation 
to pilastry, a long bone having slightly greater pilastric index. In short the 

1 A similar illustration of two characters of the same part having less relationship to each other than 
the one has to a dimension of which the second is a part occurs as we have shown in the proximal 


epiphysis where the vertical diameter of the neck is more closely correlated with the capito-collar length 
than with the length of the neck alone. 
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shaft is there to give body to the femur as a whole, but its exact form seems 
to have little close relation to the chief characters of the femur as a whole. One 
might imagine that the length of the shaft would produce quite a considerable 
effect on the torsion of the femur; it has no significant influence at all and even 
its insignificant correlations are reversed in: sign in the two sexes. 

(iv) Epiphyses. Passing to the next section we see that the characters of 
the proximal epiphysis are closely correlated together, the exception, already 
noted, being the length of the neck, which weakens correlations involving the 
capito-collar length. The reader’s attention may be drawn to the fact that the 
two diameters of the neck are less closely correlated than each is to the corre- 
sponding diameter of the head. There is clearly no principle—iike the perfecting 
of the Hooke’s joint—tending to bring into the highest association the horizontal 
and vertical diameters of the neck. 

Turning to the distal epiphysis we remark the same high correlation of its 
parts that we have referred to in the proximal epiphysis. The bicondylar width 
is closely related to the external condyle whether we use its maximum or oblique 
length. The oblique and maximum lengths of the external condyle are more 
closely related in the male and only slightly less closely related in the female than 
the vertical and horizontal diameters of the head. It must follow that the angle 
the condylar length makes with the standard vertical plane is restricted within 
very definite limits. The lengths of the two condyles are more closely associated 
than the two diameters of the neck, and practically as closely correlated as 
corresponding diameters of head and neck. The only relatively low, not absolutely 
low correlations are those of the horizontal and vertical band-radii. Here we 
should theoretically have anticipated higher values on the hypothesis that the 
purpose served by the radii is to give a fairly constant stretch and therefore 
tension to the ligamentum laterale fibulare. But owing to the smallness of the 
subjects of measurement and the difficulties of determining the band-radii accurately 
(see our p. 19) there may well be some weakening of the real correlation in the 
process of measurement. 

The impression we reach in examining the correlations of both epiphyses is 
that they correspond to organs in which the proportioning of the parts has been 
highly selected. The remarkable point, however, about the epiphysial correlations 
is this, that the correlations of characters belonging respectively to the distal and 
proximal epiphyses is practically as high as a pair of characters from the same 
epiphysis. Jt is true that there is some weakening in the case of the female 
bone, probably due to a direct selection of size in the female proximal epiphysis. 
It is astonishing how high the correlations are between the vertical diameter of 
head or neck and the bicondylar width or the oblique length of the external 
condyle. Only the capito-collar length introducing the anomalous length of neck © 
succeeds in reducing the high correlation of head and bicondylar width. 

(v) Shaft with Epiphyses. When we come to the association of characteristics 
of the diaphysis and the epiphyses, we see this intimate relationship much weakened. 
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The correlation for example between the vertical diameter of the head and the 
pilastric transverse diameter is not nearly as intimate as that between the head — 
and bicondylar width or condylar lengths, and the relation between the diameters 
of the head and the shaft length is somewhat less substantial. Much the same 
in magnitude is the relation of bicondylar width or length of external condyle to 
shaft length. These are not inconsiderable correlations, but they are far from as high 
as those between characters of distal and proximal epiphyses. Only one correlation 
so far calculated reaches the latter height, it is that between the torsion of the shaft 
and the retorsion of the bust—the two components of the torsion of the femur. 
This is a noteworthy and apparently exceptional case in which the influence of 
the shaft impresses itself most markedly on the bust. On the other hand the size 
of the shaft while moderately influencing the condyles has practically no relation 
to the length of the bust and only the slightest to the collar angle. Other 
prominent features of the shaft are practically independent of any epiphysial 
association; the bowing has no relation to size of bust, nor demonstrably to 
condylar size, nor to the collar angle nor to the ellipticity of the neck,—all quantities 
which might have influenced it had it been in the main due to mechanical 
influences. Nor does the ellipticity of the neck show any clear and appreciable 
relation to the platymeric index, while the pilastric index, the band-radial index 
and the condylar length index—three indices which have been taken by various 
authorities as markedly influenced by evolutionary changes and as criteria between 
human and apelike forms—show no sign of such considerable association as we 
might anticipate from their asserted developmental history. In short there is a 
marked relative—if far from absolute—independence of diaphysis and epiphysis. 
(vi) Shaft with Shaft. We have 31 pairs of characters. Of these only two 
give values in or near the fourth or highest quarter of correlation (‘75—1°00). The 
higher of these (‘82—-91), namely the correlation of the popliteal oblique and 
direct antero-posterior diameters might well have been anticipated to lie in this 
region; this pair of diameters can hardly be considered as distinct variates, but 
rather as due to somewhat different methods of measuring the antero-posterior 
diameter. The lower of the two (‘70—‘75) is the correlation of the platymeric 
and pilastric transverse diameters, which gives a closer association than, perhaps, 
we anticipated, for the correlation of popliteal width and pilastric transverse 
diameter only falls into about the beginnings of the third quarter (50—‘75) with 
values from ‘41 to ‘51 and is less than the highest of the cross diametral 
correlations, that of popliteal width with popliteal direct antero-posterior diameter 
(‘50—'61). The other cross diametral correlations, pilastric antero-posterior and 
transverse diameters (‘26—'31) and platymeric antero-posterior and transverse 
diameters (‘03—'24), are much lower and the latter pair markedly irregular. 
Sensible but still only in the first or beginning of the second quarter range of 
correlation are the relations of the longitudinal measurements on the shaft to 
transverse or sagittal diameters. Thus we have length of shaft and _pilastric 
transverse diameter (*11—‘19), diaphysial chord to diaphysial subtense (‘23—°35), 
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popliteal length to popliteal width (‘26—°34) and length of shaft to pilastric 
antero-posterior diameter (‘25—46, with values significantly higher in the left 
members). With the latter group may be associated in value (‘21—°38) the 
correlation of length of shaft with popliteal length. As a rule diameters in the 
same direction are more highly correlated than those in opposite directions even 
if of the same section—an exception being made of those of the popliteal section. 
Further: lengths and diameters are less closely correlated than diameter with 
diameter. 

Turning to other features of the shaft we notice that the three fundamental 
indices are all positively correlated together ; the platymeric and popliteal (-10—13) 
slightly, the pilastric and popliteal moderately (‘15—-28) and the pilastric and 
platymeric substantially (‘39—°55, the larger values being male). The latter 
settles certain points which have been long in controversy and to which we shall 
return in the following chapter. The index of bowing has also been correlated 
with the three fundamental shaft indices and gives a small but sensible correlation 
only with the pilastric index (-19—-26). The more bowed a femur, the greater 
the development of the pilaster; for photographic illustrations of extreme cases 
the reader is referred to Plates XXXIIT and XXXIV. 

The pilastric index and the index of gracility (lower) are in their extreme 
values such peculiarly human attributes that it was desirable to ascertain if they 
were at all associated. It was found that they showed. a quite substantial negative 
correlation (—‘36 to —‘51, with apparent predominance on the left), a low index 
of gracility, z.e. a high degree of gracility being associated with a marked pilastric 
development. In case this might be assumed to arise from spurious correlations 
owing to the presence of the pilastric transverse in the denominator of the first 
and the numerator of the second index, the partial correlation of the indices for 
constant pilastric transverse was taken. The correlations were somewhat reduced 
but still quite sensible. A gracile femur has undoubtedly rather increased pilastric 
development. Our last shaft correlations consist of two groups of coefficients. 
In the first the torsion of the shaft is associated with its length and with the 
antero-posterior pilastric diameter, the former shows only a very slight positive 
correlation and the latter insignificant and irregular results. Correlated with the 
fundamental indices the torsion of the shaft exhibits no relation to platymeric or 
popliteal indices, a slight positive relation to the pilastric index and a slight 
negative relation to the index of bowing. In other words the more pilaster and 
the less bowing the more torsion there will be in the shaft. 

We have already indicated the evolutionary importance of the form of the 
popliteal area. In the second of our last groups the convexity of this area is 
correlated with a number of indices. The only one which shows a substantial 
correlation is the popliteal index (-41—44) and it is clear that this is rather 
geometrical than organic. Probably the geometrical explanation applies also to 
the moderate correlation of convexity with popliteal skewness. There is no sensible 
relation of convexity with the pyramidal popliteal index, and of the remaining 
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three which show very slight, if just sensible correlations we can say that the 
popliteal area is apelike or convex when the femur (a) has a high index of 
gracility, z.e. is non-gracile, (b) has a high soffit index, and (c) has a low band- 
radial index—all features which are more emphasised in the apes than man. 
These points are more elaborated in another section of this memoir. 

All the shaft correlations, however, we have discussed in this section, with 
the exception of the first two or three cited, are of relatively small intensity, and 
the general impression we have formed is that the characteristics of the diaphysis are 
not interrelated with the same intensity of those of the epiphyses among themselves 
or with each other. The shaft seems to us to have been less highly developed 
either in the relation of its various factors to each other, or in the relation of 
these factors to the epiphyses. There is an interrelationship, an intimacy indeed, 
between the characteristics of the epiphyses, which does not appear to exist between 
diaphysis and either epiphysis. This average low association is as close as we 
have been able to get to the conception of an independent Mendelian unit. But 
would any one have reached that conception, who -had analysed thoroughly the 
characteristics of a single bone of the human skeleton? Are we to suppose that 
the portion of a bone that develops from a single centre of ossification is an 
independent unit? If so how shall we explain the high relationship of the 
epiphyses and the low relative relationship of shaft and epiphyses? No crude 
system of coupling will obviate the difficulty, because there is every grade of 
relationship even between the characters of two parts of a bone which are 
relatively independent. If we go further and suppose the whole femur an 
independent unit, we are met by the fact that tibia and fibula as well as the 
pelvis are as intimately associated with the femoral epiphyses and indeed with the 
femur as a whole as the epiphyses with one another. Nor does the wonderfully 
graduated system of correlations cease at bones actually in contact; the humerus 
has characters closely correlated with those of the femur, the bones of the hand 
are not only related among themselves, but with those of the foot. Even the 
bones of the foot are known to be correlated with those of the head. The whole 
bony system has its parts interlinked by broader or by narrower limits as the 
case may be, and any change by selection of one organ draws in its train the 
selection of a whole series of correlated changes. If you select, say, by size of head 
of femur, the strength of a man’s hip-joint, it is scarcely an exaggeration to say that 
you will modify to a greater or less extent every bone of his body. The human 
frame is not built up like a pack of cards labelled nose, mouth, arm, thigh, etc., 
each independent of the other. You cannot take two packs, one labelled Jew and 
the other Gentile, and interchanging cards between them produce a hybrid with 
a Jewish nose and a Gentile forehead! The nasal bones and the frontal bone 
are associated with a whole series of cranial characters; the cards are not uniform 
in size, but like an indefinitely complex jig-saw puzzle have got to fit or grow into 
each other under stringently limited conditions, and when this has happened—if it 
can happen at all—the product is neither Jewish nose nor Gentile forehead, but an 
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infinitely complex novelty not capable of resolution into simple descriptive categories. 
And the “non-happening at all” possibly throws light on the failure tv hybridise 
which still lurks about our conceptions of species. Nor in later generations of 
hybrids can the bony structure revert into original components, for these components 
would either fail to adjust themselves or if they adjusted themselves the adjust- 
ment must be so extensive that neither would represent the original component. 
To illustrate by a crude but effective example we may suppose that Homo sapiens 
was fertile with G. troglodites, and ask how the hybrid of the hybrids could 
combine a human os innominata with a gorilla’s femur. They could only function 
by such an immense modification of both that the thigh bone would cease to be 
gorilloid and the hip bone human. If it be argued that the pelvis and the 
femora would not be independent Mendelian units but a single unit or coupled 
units, then the argument can ultimately be extended downwards and upwards 
until the whole skeleton is a single unit or a complex of coupled units, and the 
hybrids must either be men or gorillas! Such a system of correlations of a single 
bone as is published for the first time in this chapter—a system which we know 
both from published and unpublished data can be extended to the whole skeleton— 
exhibits that bone, or indeed the skeleton, not as a patchwork of independent 
units capable of being shuffled like cards in a pack, not again as a system of 
cards some free and others rigidly clipped or coupled together, but as a system 
of associated characters moving within degrees of freedom determinable quanti- 
tatively, some broad and some narrow, some approaching independence, others 
almost causal. In our opinion there is little place for a Mendelian scheme of 
heredity in the skeletal form, for where it appears the hybrid will be non-viable 
or at best deformed, a conclusion supported in the latter case by the drift of a 
good deal of Mendelian research. In the correlation of characters of individual 
bones, or of the parts of the skeleton as a whole there will be found ample 
ground for study not only on the part of the anatomist but also on the side of 
the theorist and experimentalist in heredity. 
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DIAGRAM A. POSTERIOR ASPECT OF FEMUR TO INDICATE MEASURE- 
[THE TORSION OF THE BONE CAUSES THE 


MENTS TAKEN. 
AXIS OF: THE SHAFT IN APPEARANCE ONLY TO PASS CLOSER TO 
THE MESIAL THAN THE LATERAL SIDE OF THE BONE IN 


PROXIMAL HALF. |] 
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External Condyle Internal Condyle 


Projection of Trace of Infra-condylar plane on Standard vertical plane 


DIAGRAM D. TO ILLUSTRATE DIFFERENCE BETWEEN MEASUREMENT OF 
“LENGTH” OF EXTERNAL CONDYLE AND OF INTERNAL CONDYLE. 
ASPECT OF FEMUR WHEN STANDARD VERTICAL PLANE IS HORIZONTAL, 
THE INFRA-CONDYLAR OR STANDARD HORIZONTAL PLANE IS THEN THE 
VERTICAL PLANE WHICH TOUCHES BOTH CONDYLES. 


Popliteal surface 


External Supra-condylar Ridge 


Trace of Infra-condylar plane 


DIAGRAM E. THE “LENGTH” OF EXTERNAL CONDYLE HAS BEEN TAKEN 
PARALLEL ' TO INFRA-CONDYLAR PLANE AND IS A PROJECTION OF 
MAXIMUM LENGTH. THE DIAGRAM ALSO ILLUSTRATES THE DIFFICULTIES 
ATTACHED TO THE MEASUREMENT OF THE ‘DIRECT’ POPLITEAL ANTERO- 
POSTERIOR DIAMETER. 
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THES ENGLISH LONG BONES 
I. Tue Femur PLATE 


TORSION OF THE FEMUR. RIGHT FEMORA. WHEN THE PLATE IS HELD VERTICALLY THE 
BONES ARE IN THE STANDARD VERTICAL PLANE, ALTHOUGH NOT ADJUSTED TO THE 
SAME STANDARD (INFRA-CONDYLAR) HORIZONTAL PLANE, STARTING ON THE LEFT 
WITH LARGE POSITIVE TORSION, WE FIND THE GREAT TROCHANTER IS IN CONTACT 
WITH THE STANDARD VERTICAL PLANE; WE THEN PASS. THROUGH A CASE OF 
MODERATE POSITIVE TO ONE OF SLIGHT NEGATIVE TORSION AND CONCLUDE WITH A 
CASE OF LARGE NEGATIVE TORSION IN WHICH THE HEAD OF THE FEMUR PROVIDES 
THE THIRD POINT OF CONTACT WITH THE STANDARD VERTICAL PLANE. NOTE THE 
DISAPPEARANCE OF THE SMALL TROCHANTER FROM THE ANTERIOR ASPECT AS THE 
TORSION BECOMES NEGATIVE. 


THe eNGCISH LONG BONES 
I. Tue Femur PEATE: Vi 


TORSION OF THE FEMUR. LEFT FEMORA. WHEN THE PLATE IS HELD VERTICALLY THE 
BONES ARE IN THE STANDARD VERTICAL PLANE, ALTHOUGH NOT ADJUSTED TO THE 
SAME STANDARD (INFRA-CONDYLAR) HORIZONTAL PLANE. STARTING ON THE RIGHT WE 
HAVE TWO CASES OF LARGE POSITIVE TORSION, THE HEAD BEING RAISED FROM THE 
STANDARD PLANE AS SHEWN BY FORESHORTENING OF THE NECK. ON THE LEFT WE 
HAVE TWO CASES OF CONSIDERABLE NEGATIVE TORSION; THE GREAT TROCHANTER IS 
NOW RAISED ABOVE THE STANDARD PLANE (NOTE THE INCREASE OF ITS SHADOW) AND 
THE SMALL TROCHANTER DISAPPEARS FROM THE ANTERIOR ASPECT. 


THESGNGCISH LEONG BONES 
I. Tue Femur PLatTeE VI 


W. 162 W. 358 


PLATYMERIC (W, 162) AND NORMAL BONE (W.; 358). ANTERIOR ASPECTS; THE PLATYMERIC 
INDICES ARE 71°8 AND 86°8 RESPECTIVELY: SEE PLATE VII. 


THE ENGLISH\LONG BONES 
I. Tue Femur Pratras Vv la 


W. 358 W. 162 


PLATYMERIC (W. 162) AND NORMAL BONE (W. 358). LATERAL ASPECTS: 
THE PLATYMERIC INDICES ARE 71°38 AND 86°8 RESPECTIVELY: SEE 
PLATE VI. 
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jp tEeeNGouISH LONG BONES 
I. Tue Femur PrAtTmer. 


1B N. 1437 RS N. 615 N. 308 


N. 1437 R. AND L.: RELATIVELY LONG AND SLENDER NECKS, WITH SMALLER ANGLE OF NECK AND SHAFT. 
POIRIER’S FACET OF y TYPE. SMALL EXOSTOSIS ON MESIAL SIDE OF SHAFT ING megs Ie 

N. 615: WIDE ANGLE OF NECK AND SHAFT—RELATIVELY SHORT NECK. POIRIER’S FACET, § TYPE. 

N. 308: WIDE ANGLE OF NECK AND SHAFT—RELATIVELY SHORT NECK. 
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THEE NGLISH LONG BONES 
I. Tue FEemur PrateE XVIII 


W. 259 W. 283 W. 525 


PATHOLOGICAL CASES FROM THE 17TH CENTURY. FEMORA SHOWING SEVERE SYPHILITIC PERIOSTITIS. 
A LENS WILL BE OF ASSISTANCE. 


ioe NGLISH LONG BONES 
l.. Tue Femur 


Pragpe LX 


W. 368 W. 21 W.. 525 


PATHOLOGICAL CASES FROM 17TH CENTURY. THREE CASES SHOWING SEVERE SYPHILITIC PERIOSTITIS 
OF DISTAL END OF SHAFT. 


THE ENGLISH LONG BONES 
I. Tue Femur Pirate XX 


W. 234 W. 689 W. 311 


PATHOLOGICAL CASES FROM 17TH CENTURY. THREE CASES OF SEVERE SYPHILITIC PERIOSTITIS 
AFFECTING WHOLE SURFACE OF SHAFT. COMPARE PLATES XVIII AND XIX. A LENS WILL 
BE OF ASSISTANCE. 


THE ENGLISH LONG BONES 
I. THe Femur PrATE XOX! 


FIG. (1) 


HIG. (i) 


SHAFT-TORSIOMETER. FIG. (I) SHOWS THE INSTRUMENT WHEN THE LINE OF SIGHT IS 
PERPENDICULAR TO THE STANDARD HORIZONTAL PLANE. FIG, (II) INDICATES MORE 
CLEARLY HOW THE SCREW POINTS ARE FIXED AT THE TERMINALS OF THE PLATYMERIC 
ANTERO-POSTERIOR DIAMETER. 


THE ENGLISH LONG BONES 
I, Tue Femur PLraTE XXII 


N. 1462 N,. 1633 


N. 1462: SHOWING TUBERCLE AT ORIGIN OF MESIAL HEAD OF GASTKO- 
CNEMIUS, ALSO WELL MARKED PROLONGATION OF THE ARTICULAR 
SURFACE OF THE INTERNAL CONDYLE (CHARLES FACET) RUNNING UP 
TO CONSPICUOUS BURSA BELOW TUBERCLE. 

N. 1633: SHOWING TUBERCLES AT ORIGINS OF MESIAL AND LATERAL 
HEADS OF GASTROCNEMIUS. 
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THESENGUISH LONG BONES 
I. Tue Femur Pier LT 


Y. 928: MARKED TUBERCLES AT ORIGINS OF MESIAL AND LATERAL HEADS OF GASTRO- 
CNEMIUS. 

B. 48: PROCESS (WILBRAND’S) ON Z/NEA ASPERA AT THE POSITION OF THE INFERIOR 
NUTRIENT FORAMEN. SMALL TUBERCLES AT ORIGINS OF MESIAL AND LATERAL 
HEADS OF GASTROCNEMIUS, 


GoipeeNGLISH LONG BONES 
I. Tue Femur PraTre X XLV 


Y, 562 N. 353 Y. 865 E216 


WILBRAND’S PROCESS (INTERPRETED BY SOME AS AN EXOSTOSIS) NEAR APEX OF POPLITEAL 
SURFACE IN HUMAN FEMORA. IT HAS BEEN COMPARED WITH THE THIRD TROCHANTER IN 
DASYPROCTA (AMERICAN. AGOUTI) WHICH IS HALF-WAY DOWN THE SHAFT ON LATERAL 
FACE: SEE CENTRAL BONE. IN THE HUMAN FEMUR IT MAY OCCUR ON THE LATERAL 
OR MESIAL LIP OF THE ZIVEA ASPERA, OR JUST AT THE APEX. 


mak ENGLISH LONG BONES 
I. Tue Femur PLATE XXV 


ING Y. 863 Y. 865 Iki Sy QUO B. 48 


SO-CALLED WILBRAND’S PROCESS IN ONE LONDON (L. S. 216) AND FOUR EGYPTIAN FEMORA. ON THE EXTREME 
LEFT FOR COMPARISON THE SO-CALLED THIRD TROCHANTER IN DASYPROCTA (THE AMERICAN AGOUTI) IS 
EXHIBITED. THIS HAS BEEN ASSOCIATED WITH WILBRAND’S PROCESS. 
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THE ENGLISH LONG BONES 
I, THe Femur Prate XXVI 


FIG, (1) FIG. (II) 


MESIAL AND POSTERIOR ASPECTS OF LONDON FEMUR (W. SPECIAL) SHOWING GRUBER’S 
INTERNAL SUPRACONDYLOID PROCESS. HE FOUND THE LATERAL PART OF THE 
SUPERIOR PORTION OF THE INTERNAL HEAD OF GASTROCNEMIUS INSERTED ON THIS 
PROCESS AND IT WAS SURMOUNTED BY A BURSA. 


THEZENGLISE LONG BONES 
PEATR eX VII 


I. Tue Femur 


Fic, (1) 


THIRD AND “FOURTH” TROCHANTERS: 


Hic, (1). L.S. 216 EXHIBITS WHAT APREARS TO BE A CASE OF WILBRAND’S 
BONY PROCESS (A). CF. PLATES XXIV. AND XXV FOR FURTHER 
ILLUSTRATIONS IN HUMAN FEMORA. 

Fic. (11). SO-CALLED THIRD TROCHANTER IN DASYVPROCTA (AMERICAN 
AGOUTI) AT B. 

Fic. (1). THIRD TROCHANTER (C) “4ZA ” FORM AND LESSER TROCHANTER 
(D) IN ARMADILLO (DASYPUS SEXCINCTUS). 

Fic. (Iv). THIRD. TROCHANTER OF COMMON RABBIT IN ANTERIOR (E) AND 
POSTERIOR (F) ASPECTS. 

FIGS. (II), (111), (IV) AND (V) SHOW THE GREAT VARIATION IN POSITION OF 
THIRD TROCHANTER. 


Fic. (Vv). POSTERIOR VIEW OF LEFT FEMUR OF HESPERORNIS REGALIS AFTER MARSH, SHOWING “ FOURTH” 
TROCHANTER (G) IMMEDIATELY OPPOSITE LOW THIRD TROCHANTER. 


THE ENGLISH LONG BONES 
I]. THe Femur PrATeE AXV ITI 


W. 610 We W. 571 We 1Z W. 296 


ILLUSTRATIONS OF TROCHANTER TERTIUS IN MAN. W. 610 AND W. 296 GIVE EXAMPLES OF THE ‘BUTTON” 
OR ‘NIPPLE’ FORM. T.v, W.571 AND W. 112 ILLUSTRATE THE ‘CREST’ OR ‘RIDGE’ FORM. 
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THE ENGLISH LONG BONES 


I. THe FEmuR PIUATES XO 


N. 874 Nes B. IIO 


N. 874: SWELLING OF LINEA ASPEKA, EXTENDING INTO LATERAL SUPRA- 
CONDYLAR RIDGE AND PRODUCING DISTORTION OF THE POPLITEAL 
SURFACE. THERE IS COMPLETE ABSENCE OF MESIAL SUPRA-CONDYLAR 
RIDGE. THE BONE GIVES THE APPEARANCE OF A PILASTER PROLONGED 
DOWN LATERAL SUPRA-CONDYLAR RIDGE. 

N. 1415: ABNORMALLY SMALL ANGLE OF NECK AND SHAFT. 

N. 1676: SHOWING TUBERCLE AT ORIGIN OF MESIAL HEAD OF GASTRO- 
CNEMIUS, ALSO PROLONGATION OF ARTICULAR SURFACE OF INTERNAL 
CONDYLE (PRESUMABLY CHARLES’ FACET). 

B. 110: CHARLES’ FACET. 
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THE ENGLISH LONG. BONES 
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LS. 40 Ea 43 W. 85 


CURVATURE OF POPLITEAL AREA. W. 85 IS THE USUAL CONCAVE FORM; L. S. 46 IS CONVEX FROM 
THE 3 TO THE 5 CMS.; L.S. 43 CONVEX AT THE USUAL 4 CM. POPLITEAL SECTION. 


THE ENGLISH LONG BONES 
I. Tue Femur Prare XXXII 


= 


, ee 
Pee 


Fa 


a 
PRB 
e > 


eee in et mer 
As are 


eee 
5 aes 


— 


speoeneneneet 


W. 104 W. 285 W. 121 W. 85 


TYPES OF POPLITEAL REGION, SHOWING CHANGE FROM ‘TUBULAR’ TO ‘PYRAMIDAL’ FORM AS 
MEASURED BY LOWER INDEX OF GRACILITY, AND THE POPLITEAL-BICONDYLAR OR SOFFIT 
INDEX. COMPARE DIAGRAM IN TEXT OF THE NEANDERTAL AND PI7HECANTHROPUS 
ERECTUS POPLITEAL CONTOURS (p. 10). 
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THE ENGLISH LONG BONES 
I. Tue Femur PRATER SOCEV 


Barer CR.) Dat CiaGhs) N. 748 


THE MESIAL ASPECTS OF THE PAIR B. I1I SHOW MARKED BOWING ACCOMPANIED BY DEVELOPMENT OF 
THE PILASTER. N. 748 SHOWS EXTERNAL FOSSETTE OF ANTERIOR FACE IN SUBTROCHANTERIC REGION 
ACCOMPANIED BY LATERAL PROTRUSION. 


THE ENGLISH LONG BONES 
I. Tue Femur PLATE XXXV 


ae 


Ba try.ck) Batre) N. 748 


TO BE TAKEN IN ASSOCIATION WITH PLATE XXXIV. B. 111 (R) AND (L) INDICATE HOW THE HIGH PILASTIC 
INDEX ARISES, AND HOW SUCH BONES HAVE STENOMERY—THE TRANSVERSE PLATYMERY OF MANOUVRIER. 
N. 748 SHOWS THE RELATION OF LATERAL PROTRUSION TO THE GLUTEAL RIDGE, THERE BEING IN THIS 
CASE A FOSSA HYPOTROCHANTERICA SURMOUNTED BY RIDGE FORM OF THIRD TROCHANTER, 


tHe ENGLISH LONG BONES 
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W. 167 W. 273 hex 


W. 37 


ILLUSTRATIONS OF THE FossA HyPOTROCHANTERICA. 


W. 167 (SEE PLATE XXXIX) IS A CASE OF THE FOSSA 
COMBINED WITH LATERAL PROTRUSION. 


W. 37 IS THE BONE OF A CHILD WITH MARKED FOSSA. 


THE NGEISH LONG BONES 
I. THe Femur PIATE ee VL 


W. 190 W. 244 cone? W. 580 


ILLUSTRATIONS OF TYPES OF CRURAL TROUGH. W. 190, MARKED CRURAL TROUGH; 
W. 244, WELL-MARKED TROUGH EXTENDING TO AT LEAST ONE THIRD OF SHAFT; 
W. 580, SMALL CRURAL DEPRESSION; L. 123, A GREATER CRURAL DEPRESSION THAN 
IN W. 580. 


THE ENGLISH LONG BONES 
I. Tue Femur PUATES Ne V LL 
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EESeo3 W. 109 W. 85 ERS e216 


L. S.93 AND W. 109 ARE ILLUSTRATIONS OF LATERAL PROTRUSION IN SUBTROCHANTERIC REGION ACCOMPANIED 
BY MARKED PLATYMERY, TO BE COMPARED WITH NORMAL W. 85. L. S. 216 IS A CASE OF WILBRAND’S 
PROCESS TO SHOW THE EXISTENCE AT THE SAME TIME OF A REAL IF SMALL THIRD TROCHANTER: SEE 
PLATES XXIV AND XXV. 


THE ENGLISH LONG BONES 
I. THe Femur 


PrATE XX XIX 
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Ik, Si BB W. 167 W. 296 W. 93 


LATERAL PROTRUSION IN SUBTROCHANTERIC REGION. W. 167 IS THE SLIGHTEST CASE, BUT 
IT IS OF INTEREST AS EXTENDING RATHER LOW DOWN THE SHAFT. 


THE ENGLISH LONG: BONES 


I. Tue Femur Pearse < 


N. 530 N. 411 N. 748 Cal 


N. 530: EXTERNAL FOSSETTE OF ANTERIOR FACE ASSOCIATED WITH SUPERO-EXTERNAL 


PROTRUSION OF THE ANTERIOR FACE. 
N. 411: WELL MARKED EXTERNAL FOSSETTE OF ANTERIOR FACE (IMMEDIATELY UNDER 


NUMBER). 
N. 748: WELL MARKED EXTERNAL FOSSETTE OF ANTERIOR FACE. 


C. 1: ENGLISH FEMUR, BY THE COURTESY OF PROFESSOR A. MACALISTER, SHOWING 
MARKED THIRD TROCHANTER. 


THE ENGLISH LONG BONES 
I. Tue Femur RUAT ON le] 


Fic. (1) A 


Fic. (1) B 


FIG, (111) 


FIGS. (I) A AND (I) B. WILD GOOSE FEMUR (SPECIES UNIDENTIFIED) SHOWING WELL-MARKED “FOURTH TRO- 
CHANTER” ABOVE THE NUTRIENT FORAMEN, 


Fic, (11). ANCIENT PATAGONIAN FEMUR AFTER RODRIGUEZ SHOWING COMBINED CRURAL TROUGH, EXTERNAL 
FOSSETTE OF THE ANTERIOR FACE AND SUBTROCHANTERIC PROTRUSION OF THE LATERAL BORDER. 


Fic. (111), FRACTURE OF SHAFT WITH TWO PORTIONS CRUDELY REUNITED. EGYPTIAN FEMUR LENT BY 
DR DERRY. 
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MoibeeNGEISH LONG BONES 


I. Tue Femur 


PLATE UX LV 


THE FEMUR OF A GIBBON (HIVLOBATES VARIEGATUS FROM DEVAL, BENGAL) IN ANTERIOR AND POSTERIOR ASPECTS. 
ORIENTATED TO BOTH STANDARD VERTICAL AND HORIZONTAL PLANES. NOTE THE LATERAL PROTRUSION IN 
THE SUBTROCHANTERIC REGION. 
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iibepNGEISHV LONG BONES 
I. Tue Femur PrateE XLVI 


THE TRINIL FEMUR, REPRODUCED BY PERMISSION FROM THE DRAWINGS OF PROFESSOR EUGENE DUBOIS. 
SEE PLATE II OF HIS Pl7THECANTHROPUS ERECTUS, BATAVIA, 1894. SCALE 4 LINEAR. 


titeae NGLISH LONG BONES 
I. Tue Femur PreATe Lvl 


ANTERIOR ASPECT MESTAL ASPECT POSTERIOR ASPECT 


Homo MOustreERIENSIS (HAUSERI) FROM A CAST IN THE ANATOMICAL MUSEUM, UNIVERSITY COLLEGE, LONDON, 
OF THE FEMUR AS RECONSTRUCTED BY KLAATSCH. 
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THE ENGLISH LONG BONES 
[> Tse Femur PLATE, WISVILLI 


THE Spy FEMUR (FIG. 3 ABOUT HALF SIZE) AFTER THE PHOTOGRAPH IN THE ORIGINAL MEMOIR 
BY FRAIPONT AND LOHEST (ARCA/VES DE BIOLOGIE, Tom. VII, pp. 587—757, 1887). Fic. 1 
IS THE FEMUR AND TIBIA OF THE CANSTADT SKELETON FOR CONTRASTING WITH FIG. 2 
MODERN BONES. 


THE ENGLISH LONG BONES 
I. Tue Femur Prare XiLX 


A B C 


ANTERIOR ASPECT OF Spy NO. I FEMUR (B), COMPARED WITH A MODERN HUMAN FEMUR (A) AND THAT OF A GORILLA (C). 
NOTE THE LATERAL PROTRUSION OF THE ANTERIOR FACE IN (B). (B) FROM CAST IN OXFORD MUSEUM. 
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THE ENGLISH LONG BONES 
I. Tue Femur Pirie 


A B (ies 


POSTERIOR ASPECT OF Spy No. 1 FEMUR (B), COMPARED WITH A MODERN HUMAN FEMUR (A) AND THAT OF A 
GORILLA (C). NOTE THE RELATIVE ABSENCE OF PILASTER IN (B). 


THE ENGLISH LONG BONES 


I. Tue Femur Pratc 1 


A B as D 


A MODERN HUMAN FEMUR (D) AND THAT OF A GORILLA (A). 


OSTERIOR ASPECT OF NEANDERTHAL FEMUR (C), COMPARED WITH SPY (B), 
ATIVE ABSENCE OF PILASTER. (C) FROM CAST IN OXFORD 


NOTE THE LATERAL PROTRUSION OF BOTH (B) AND (C) AND THE REL 
MUSEUM. 


THE ENGLISH LONG BONES 
I. Tue Femur Praree il 


A B C D 


NTERIOR ASPECT OF NEANDERTHAL FEMUR (C) COMPARED WITH THOSE OF THE Spy No. 1 FEMUR (B), OF A MODERN HUMAN 
FEMUR (D) AND THAT OF A GORILLA (A). NOTE THE LATERAL PROTRUSION OF THE ANTERIOR FACE IN THE CASE OF (A), (B) 
AND (C). 


oP: eae 4 ie et et | ute 


a. ee ‘nh 
OR. sd BS TE ISU age 


= 


. Ma . » a 


THE ENGLISH LONG BONES 
I. THe Femur Prare leet I 


A B e D 


MESIAL ASPECT OF Spy No. 1 (B) AND NEANDERTHAL (C) FEMORA COMPARED WITH MODERN HUMAN FEMUR (A) AND THAT 
OF A GORILLA (D). NOTE THE RELATIVELY LARGE AMOUNT OF BOWING IN THE FOSSIL BONES AND THEIR EXTREMELY 
MASSIVE HEADS AND CONDYLES. 
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MESIAL ASPECT OF Spy No. 1 (B) COMPARED WITH MODERN HUMAN FEMUR (A) AND THAT OF 
A GORILLA (C). NOTE THE BOWING OF THE SPY FEMUR. 
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MESIAL ASPECT OF TILBURY (B) AND CROMAGNON (D) FEMORA COMPARED WITH PAIRED MODERN HUMAN FEMORA (A) AND 
(C) AND THAT OF A GORILLA (E), NOTE THE BOWING OF THE FOSSIL FEMORA AND THE EXAGGERATED PILASTERS, ALSO 
THE CARRUCATE FORM OF D, (B) AND (D) FROM CASTS IN OXFORD MUSEUM. 
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ANTERIOR ASPECT OF TILBURY (B) AND CROMAGNON (C) FEMORA, COMPARED WITH MODERN HUMAN FEMUR (A) AND THAT OF 
A GORILLA (D). NOTE THE LATERAL PROTRUSION OF THE ANTERIOR FACE IN (B) AND (C) AND COMPARE WITH (D). 
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POSTERIOR ASPECT OF TILBURY (B) AND CROMAGNON (C) FEMORA, COMPARED WITH A MODERN HUMAN FEMUR (A) AND 
THAT OF A GORILLA (D). NOTE THE HYPOTROCHANTERIC FOSSA AND THE THIRD TROCHANTER IN (B) AND THE 
EXAGGERATED RUGOSITIES OF THE PILASTER IN (C). 
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86 | I 2 | 417°5 _ — 41l — 23°9? | 32°3? | 74-0} — — | 22°5| 28-5|- 79-0 | 24 25 96:0] of 37. | 25° | 29°5 | 67-6] — | 57:3. | 566 | 56:8 | 17-6 | 17-0 3°8 | 221-4 | 65-5 | 353-5 | 401-8 | 6:6 | 30:0 134°5 | 36:0 | 28? | 145] 40-7} — —_ | 185] — | — — 
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R. | 9 — —_ —_ i — — — — |22 | 32 68-8 | 26 | 25-5 | 102-0 | — 137-5] 25 | 28 66:7] — | 60-4?) — — —-, 22° — _— a — _— — |= — _ — - — _ —}—{]—] — = 79°7 | 68-0 
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MEASUREMENTS ON LONDON FEMORA. A. (WuitecHAPEL Bonss). 
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a b c d e m | n | EE| f 9 h a j real 9 m nilo|p|qir 8 a |) Gaull og, Bye) Bal Aa iP Ag t u v0 |a, | o, | wv Ly Ly y | cc | dd Sf | aa | bb! gg | hh 
r t — - |__| 
| | ; ¢ a o 
| | ; . q | 4 | 3 3 of g 
a 7] 4 zy = 3 & ; A 4 8 3 a Ei 
|| ., | al2/2ia\e/3)/ a4] gi A i\i 2 > 2 ie 44 ae F i se z| 3 
| 2 a E &® l2|4|3}] eR] gs : é x | 2/4 = Beaeaa Ss Ai}¢ |4 cS : ; a Va le S lg g 5 3 2 ° EY 
= a 8 a § 3 % a % ra A) zg a my S| : : Pa 3 |g id Be | 5a |/'a] 3 5 ot 3 23/2 3 22 |e dg, ise) et > 
A}s/e/e/e|s)Sle)alelel a} @hale)a]4| 2 lt. |S.| gel ds lbs] 2] eo |e] a yd joslasi tele : a/.|3 EF 
he 2 " i Z s i ; a a Ay 3 3g 8 ° | ; ae 4 as 3 gs] a ral 8 a 5 oa a 3 
3 e E118 | e/g igdleldlgl)ele]e]4]4] 4] ae] 4) 3) 4) g | ge] ee) se] sles) G qi/z|2] 2 lz oe/o2) f| 43 go || 2 z/2 E i 3s 
D 5 = Ss — 3 5 5 A | as. = ” a & = a 
a pe/aee te} Ss }a la |e ala | el eb] el ele) 8 ala lela = e |8 18 |B! 5/3/43] (Bsl3s] 2a! ga] da be a| 3 ai/ei|sl 5 
Pig 2 /2/d/2/2lalflaielel2li|fleldl a] eelelel2] ala la lf lg le |FIPISIRle ele le le Bele 12/8) : 
Slalal s eu a i) a fae Sa P= la VS a) me | & | la} | eel ae |e | A ae IS 1s 16 1a le Aa als oe | ws a x | a a1 e 2 = 
-} = . = — ee ee a a ees ees ees Se 
561 |L. | ¢ 266 | 37°5 | 79°9| 515 | 51-5 | 285 | 28 tor-8 | 30°5 | 24°5 | 124°5 | 126 | 35-5 | 28-5 | 30°5 | 80-3 | 85 66°38 | 65:8 | 65-7 | 19:5 | 25°7| 4-1 | 2540 | 76-7] 378% | 444-3] 5-4 | 28:0] 146-9] 56:5 65 13-5 | 28-2 | 100-0 18-5 | 41-8 | go-2 69-0 
562) I 3 24°4 | 324 | 75°3| 465 | 46 25°5 | 30 85°0 | 26-5 | 26 | LoI-9 — —_— = = a =— =" al Se =e = = — | 989 ee = — 
563 | L. | g? 25°4 | 343 | 742) 44:5 | 45 25 30 83-3 | 26-5 | 27 98-1 22'4| 5:2 | 2280 | 73:5 | 354°5 | 409°0| 7:5 | 38°5 | 1340] 166 | 15 || to 29°7 | 1or-r 17°3 | 47°3 | 100° 78°3 
564 | R.| 9 — — — | 40°5 —— (25 26 80:8 | 23 22 . — 4°6 |229°5 | 57°5 | 343°5 | 384°0| 6-4 | 42:0 | 131-6] 22-4 23 m5 | 33°3 = _ — —_— 65°7 
565 | R 12 20:9? | 26°5 | 78:9 | 39 385 | 22:5 | 28 80-4 | 2 25°5 18-6 | 3-9 | 202-9 | 65-4 | 323°5 | 365°5 | 8-5 | 46:0 | 125°5 o-7 75 |e 28-6 | 98-7 I7‘1 | 51°5 | 100-6 
566 | L. | g? 23°6 | 33-4 | 797) 44:5 | 43°5 | 26 30°5 | 85:2 | 29°5 | 25°5 23°5 | 8-3 | 237°0 | 76°8 | 352°5 | 409°] 7°9 | 38:6 | 133°5| 3°72] 4:5? ||3-5 | 33:5] 97°8 18-0 | 44°I | 101-1 
567 | L. |) 2 | 22x | 29:8 | 74:2 | 42-5 | 42 24°5 | 29 84:5 | 23°5 | 26 20°4 | 6-5 | 225°O | 75°0 | 3445 | 3894 | 9'5 | 48:5 | 122-0] 85 | 13/155 | 29°0| 98-8 17°7 | 50°0 | 104-2 99 
508 | R. | ¢ 25°55 |33°7 |75°7|485 | — |27 2 84:4 | 33°5 | 20 206} 9-6? | 268-0? | 85:5 | 392-2 | 449°8| 8-6 | 43-5 | 127-9] — — (Ree |284|) — 3 = —_ 
569 | R.| 3 |. 29°I | 35°5 | 82:0 | 48? — |32 34°5 | 89-9 | 32°5 | 30°5 22°4| 6:0 | 247°5 | 86-0 | 366°8 | 436-0} 7-5 | 33-0] 1395] 21-5 | 12 | 8 39°0:| 18-7 | 53°0 | 102-4 99 
570| R.|9 | 239 | 29°9 | 79°9 | 41 } 41-5 | 23 28 82-1 | 24°5 | 25 — 5°3 | 238-5 | 66-8 | 3550 | go2-0| 7-2 | 41-6] 131-E | 16-0?] 11:5? |xr-5 | 32-3 | ror-2 15°9 | 56°4 | 100°5 98: 
| L. | 3 20:7 | 324 | 63:9) 48 | 46 25°5 |29°5 | 864]27 | 28 185 | 6:6 | 248°0 | 59°5 | 385°1 | 430:0] 5-5 | 38:0 | 136-5 | 22-7 | 21 |ro-5 | 36°8| 95:8 169 | 53°6| 78-8 
| R. | 9? 24-7 |20°3 | 843/44 | 43:5 |22 |27:5 | 80°0| 27-5 | 25-5 15°9 | 10-0 | 256:0 | 67-8 | 370-0 | 422-5 | 6-4 | 366 | 137-2] 14°5 | 11-5 | 9:5 | 24-6] 98-9 15°8 | 50-7 | 98-3 
res 12 20°4 |27°5 | 74°2 | 39? = 24 26°5 90°6 | 27-5 | 24°5 18-6 | 6:3 | 21474 | 75°5 | 329°0 | 386-4 | 7:9 | 36°5 | 135°6 9:6 5 25°6 = 18-1 | 44-4 | 104-9 c 
&/9 | — — - 20°5 | 27 981 | 2 27 — | 7:8 | 2205 | 75°5 | 3323 | 3784 | 9:7] 47°99] 122-5| 23-07] 85 [13 29°8 | — —|—|— 99° 
R. | 3? | 438 423? | 432? | 435°5?| 421-52] 24-4 | 28-4 9 | 41 40-5 | 24°5 | 32 766 | 31-5 | 27°5 18-8 | 6-0 | 258-0 | 695 | 379°0 | 422-0] 8-0] 47-9} 124-0] 18-4 | 10:5 | 8 29°5 | 98-8 16-7 | 54:1 | 95-2 : 
R.| 3 426 — — | 425 ot 23°9 | 32°9 2- 46-5 | 46°5 | 27 35°5 76% | 27°5 | 20°5 20°3 | 3-3 | 243°0 | 86-0 | 361-2 | 408-3 | 10-7 | 51-7 | 117°5 | 10-0 55 35°6 | 100-0 —— — 
R.| 3 | 4485 | 42551433 | 444 427 26°3 | 315 | 83°5 | 44°5 | 44°5 | 28 29 96°6 | 33 | 28 194 | 5°8 | 255°° | 75°7 | 377°° | 433°3 | 7°3 | 38:5 | 1333] 22:2.) 11 |/to 35°7 | 100-0 17-4. | 55°8| 97-1 99°0 
}L./ 3 a 24°4 | 38-0 | 64:2 | 4775 | 46-5 | 28 32°5 | 86-2] 31 | 31 — | 83 | 254°0 | 80-0 | 375°0 | 425°0| 9:0] 46-5 | 1245] 19°5?| — | 10-5 | 30:7] 97-9 — |491| 90-4 = 
R.| 3? | 463 | 440 447°5 | 462 439°5 | 24:8 | 28-8 | 86-1 | 44 1 43°5 | 25°5 | 20°5 86-4 | 28-5 | 2 20:0} 5:0 | 268-0 | 83-3 | 332°5 | 4502 | 6-6 | 32°5 | 140°9| 23-9 6 7 30°83 | 98-9 17-1 | 51-3 | 105-4 
L.|S |453 | 437 1445 | 451-5 | 437 28-0 | 341 | 82-1 | 49:5 | 48 30 33 90°9 | 29°5 | 29°5 25°4| 7-8 | 246°5 | 86:0 | 331-0 | 436°0| 9°5 | 45:5 |125°0| 25:2 | 12 | z5-5 | 25:1] 97-0 18-5 | 44°6 | 102-4 99° 
581 | R.1 3 | 444 424? | 432? | 442-5 | 423? | 25-8 | 33-7 | 766/405 | 49 29°5 | 31 95°2 | 30°5 | 205 24°5 | 28°5 | 62-0 | 8x 665 | 63-2 | 66-5 | 19:9 | 22-9] 7-0 | 248-0 | 79-9 | 372°7 | 427°8| 8-3 | 42-4 | 129:4| 10-3 | -1 8-5 | 32-4] 99:0 18-2 | 48-8 | 98-6 99°7 
582 | R.| 92 399°5 | 38z 380 3985 | 381 23°2 | 303 | 76:6] 40:5 | 40-5 | 23 29 79°3 | 2 26 22-5 | 26 60-0 | 71? 53°2 | 566 | 531 13*5 |17°3| 6-2 | 226°0 | 66:6 | 343-7 | 385:6| 8-4 | 47-0 | 124-7 65 55 || 8-5 | 32-3 | 100-0 19°8 | 52:8 | 93-8 99° 
583 | L. | 2 | 405 383? | 392? | 402 380? | 22-3 | 30:3 | 73-6 | 42-5 | 41-5 | 22 29 75:9 | 24°5 | 24 24°5.|26 | 710} 72-5 | 55°5 | 57°E | 54°X | 15-4 | 186] 5-4 | 215°7 | 65-0 | 346-2 | 389-0] 8-0] 45:0 | 127-0] 46-8 | 35:5 zz | 29°09] 97-6 17°9 | 47°6 | 89-7 904 
584 | R.| So | 425 | 404 | qr 424 404 25°3 | 30°8 | 82-1 | 46 45 25 24°5, | 102-0 | 27°5 | 2575 27°5.|39 | 67:9] 75°5 | 60-2 | 59°6 | 59-7 | 16:9 | 18-4] 4:9 | 225°7 | 61-8 | 365-0] 4091 | 6-4 | 41° | 132°5| 18-0 28:5 | 5°5 | 35°8| 97-8 17°8 | 53°6| 81-9 90% 
585 | R.| 9 379 360 367 376°5? | 360-5? | 23°8 | 30-0 | 79°3| 40°5 | gor5 | 23°5 | 2 94'0 | 25 24 215 | 2 69°74 | 67 516 | 51°8 | 51-5? | 13°82] 1770} 4-9 | 2065 | 58-5 | 323-0 | 367°5| 6-4 | 37:2 | 1365 | 53°1 24°5? | 8 29°8 | 100-0 17°7 | 46:3 | 87:3 99° 
586 | L. | 2 | 385 363°5 | 371_ | 382°5 | 363 22'9 | 28-9 | 79:2 | 41 4075 | 26°57] 29°5 | 89:8 | 245 | 27:5 23°5 | 25°5 | 69°14 167? | 54:4 |55°6 | 54:4 | 165 | 19°9] 6-4 | 198-2 | 76-1 | 314°5 | 373°6| 8:0 | 35:0] 137-0] 38-0 | 25-5 | 15 30°6 | 98-8 17°4 | 50:7 | 113-6 
587 | L. | 2 | 409 389? | 398? | 403 384? | 19°38 | 28-7 | 69-0 | 38 37 20 27°5 72°7 |.20 | 2475 21°5 | 23°5 | 64-2 | 66? == fT Fz0 — — — | 32 | 233°2 | 55°5 | 355°5 | 394°3 | 6:0 | 43°0| 131'0] 40-0 37 13 29°71 | 97-4 16-1 | 50 84-1 98: 
588 | I 3 | 416 391 395? —_— _ 26'7 | 34°r | 78:3 | 47°5 — | 22-0 | 32 68-8 | 26°5 | 24 24 25 70°6 | 74 == => = = — = = = ao me at Pace = =" — = | 257° >= 17'8 | 46-0 | — — 
589 | R. | 2? | 455°5 | 424? | 434? | 452 420°5?| 22-8 | 30°8 | 74:0 | 43 — | 23 29°5 78:0 | 26°5 | 24 25 26 | 66-7)! —_ | 60:0? | 56.0 | 59:0 | 18-0 | 19:2] 4-0 | 261-6 | 72-5 | 388-7 | 439°1 | 7:3 | 42:5 | 130-4] 10-0 6 10 33°2 — aS i? =. 99:2 
590 | R.| ¢ i ee oo — —_ 27 30 90-0 | 30 =| 26 _ — _ — — — | ay) 2560 To — 1 — — — = = — _ = — SS ee =a 
591 | L. | 2 | 390 Sa Se Vea —= | 20:9? |:28+3, | 739) — | — |\22 29°5 | 746/28 | 27 23 | 265|63:0| — | — | 549? | 54-4? — | 7:9_ | 206°5. | 64-2 | 332°6 | 377°5 | 7:5 | 42°0 | 1305] 25:42] 9-5? /ax | 33:0) — —|-|—-— 992] — 3 
592 | R.| 3 — = — — — 24°4 | 32°32] 7575] — — |27°5 | 30°5 90°2 | 30°5 | 27°5 27 Nae 621}; — — | 65-2 _— — —— 7:1? | 291-5? | 78-7 | 422-8 | 478+3 | 7-1 | 42°0| 131-0] 10-0? — — | 32°5 —_ ee SS = A bas et 
593 | R.| 3 | 464 435 |446 | 460-5 | 433 27°I | 34°0 | 79°7 | 46°5 | 47 28'5 | 29 983] 31 | 285 27°5 | 30 | 69-6 | 84 66-9 | 64°6 | 65:4 | 184 | 21°7] 5-5 | 260°5 | 72-5 | 389°0 | 447-0 | 6-0 | 33°8 | 1403] 16-8 | 0-5 | 7-5 | 27-6 | ror-x 18-1 | 47-0 | 86-3 99:2} 99° “6 
594} RK.) S | 44r5 | — |'— | 439? 27_ | 27°5 | 982] 28 | 26 28 | 29°5| 7o0| — | — | 59:3 | 59°5?| — | —"| Go | 250-7 | 67-8 | 374°5 | 427°8\| 6:0 | 35:0||magro 28-50) 8? Tee) gr-5) — —}|—|— 99-4] — lee 
595 | R.| 2 — = — — | 22-3 | 27-3 | 81-7 | 38-5 | 38 18-5 | 26-5 | 69°8|22 | 22-5 22 |25°5|64-7) — | — | — |] — {| — | — | 48 | 2327 | 57:0) 354-4 | 300:2 || 5:51) 35:5) tsome 27-7) — [ie | 26-2) of:7 —|—-|]— 3 
596 | L./9 | 376 _— — | 376? — 21:6 | 27-7 | 78:0 | 41 41 23°5? | 32? 73°4 | 21-5 | 32-5 — _ 5:0 | 2012 | 81-0 | 311-8 | 364-0 | 10-5 | 44°8 | 124-6 _ — — | 100-0 ae |S = s00% | <= = 
597 | L. |S |416 | 400 | 41x | 473-5 | 398 | 24-8 | 34:5 |71-9/46 [445 | 23? | 345 | 66-7] 26-5 | 28 25°5]29 | 70:8] 78 | 60-8 | 59:0 | 60-3 | 18-5 | 22-8] 5-8 | 231-0 | 93:5 | 341-8 | 399:3 | 11°5 | 462 | 122-2} -3:-9 | -6 |36 | 32-4] 96-7 18-8 | 46-2 | rr9-9 99:4 | 90°5 ee 
598 | L. | 3 = = — — —- — — |—|] — — |275 | 28 98:2 | 30 | 26-5 —|—|] =] — _ — — — | — | 33 |234¢0 | — | — — }—|]—] =— — —- |} — = ea |i esse Ne ee y hase e) 
599 | L. | 2 — = — — 22:7 |286 |79'4| — == 123 29°5 780 | 26°5 | 24°5 = = — se) te = =e = — > ae = = | = —}—] — =] pam | 
600 | R. | 9 — _— _ — 25 ed BL 24 27°51) 5771) — — — = — — _ E=2 = — = — ae i= = — — — ret | ES = fe fee a 
6or | L. | 9? | 382 =e 8 — |23°0 | 3I4 | 73:2) 445 | 44 215 | 27 79°6 | 23°5 | 23°5 | L00'0 | 130 {39 | 23°5 | 24:5 | 60-3] — | 56:2 | 58:0 | 56-2 | 185 | 19°4| 4:5 | 199°7 | 71-5 | 319°0 | 3660] or 1265] 38:3 | 20°5 |13. | 30°0| 98-9 —};—-—}]— 2 pe 7 
602 | R.| 2 | 424 405 412 422 405°5 | 22*1 | 26-5 | 83-4 | 39 38:5? | 22 28°5 772 | 27 25 108-0 | 90 33. | 21°5 | 25°5 | 652] 69? | 56-0? | 56°8 | 55-7 | 16:2 | 18-9] 9-3 | 235°O | 62:3 | 366-5 | 411-0] 6:5 13270 | 35°5 31 8 36°7 | 98-7? 16:3 | 47:8 | 90-3 | sf 160-0 Ja4-7] 
603 | R.| 3? — 412-5 | 420°5 — 411 a= — — -- — | 245 | 29 845 | 28 25°5 | 109°8 | 120 32°5 | 26°5 | 29 81-5 | — — | 63-3 | 62:7 |17°5 | 21-7] 6:8 | 2450 _ = — — _ 34°6 _ 85 | 27° = ee 2s on 90°6 = 
604 /L. |] 3g | 431 —_ — | 429? —_ 2474 | 3279 | 74:2 | 45 45°5 | 25°5 | 27°5 92°7 | 30°5 | 25 1220/1114 | 37°5 | 31°5 | 33°5 | 84-0 | — <7 6:0? | 249°0? | 71-1 | 368-8 | 417-2 | 7-7 1290 | 14:0? — [i2? | 32:9] ror-r ee 99"5 a 5 
605 | L. | 9? _— 2I-I | 31-0 | 681) — — |25 28-5 87-7 | 30°5 | 26 117*3| 95 34 25 27 73°5|-— _ —s _— _ — — hs — — oe = — = — o— | 35'8 — re = eae | ee ae 
606 | L. | 2? | 433 411 | 421 — _— 24°5 | 31:2 | 785 | 43 43? |24°5 | 27 90°7 | 28 | 26-5 | 105°7| 115 | 40°5 | 26 30°5 | 64-2 | — — | 58-0 | 585?} — 7-0 | 232°%_ | 63°5 | 367-0 | 416-8 | 5-7 139°0 | 28-2? — [43:5?| 35:2 | 100-0? ey |e = as T=. 14 
607 | R.| dg | 428? = - —_ — 27°6 | 32-2 | 85-7} — — | 23? 35? 65°7 | 28 26 107°7 | 104 35°5 | 24 26°75 | 67-6 | — | 65°5 — — — | 22:2] 6-0? | 2435?| — — — — —_— _ — ee / 341 = =< Ne = See a “2 
608 | R.| 3 | 463 = alee 27 | 29°5 | 915 | 31:5] 28 | 112-5) 127-5) 41 | 28 | 3r | 68-3) — | 63-7 | 62-9 | 63:3 | 17-4 | 21:7] Bo | 250°5 | 65°5 | 394-2 | 448-5] 5:0 143°6 | 48-0 — [Res | 322) — || =e 98: = 1 
609 | L. | 2 | 424-5 | 409 | 4155 | 424 409 | 21-2 | 29:1 | 72:9} 40:5 | 40-5 | 22 305 | 72°1 | 265/26 | rorg| 122 | 40 | 23-5 | 265 | 58:8] 73 | 547 |54°8 | 54-4 | 16-7 | 16-5] 7-5 | 2380 | 69-6 | 367-3 | 409°5| 8-0 123°5| 22:2 | 23 [78:5 | 32:8 | 100-0 172 |54°8 | 95:3 "9 | L00-0 | ah : 
610 | R. | 9? | 387-5 | 372 | 378 | 387 373 252 | 28-6 | 88-1 | 41 41 25 2 86-2 | 23 |2 85-2 | 126 | 37 | 235 | 26 =| 63+5 | 72 57°38 |57°8 | 57-0 | 17:6 | 188] 6-0 | 211-5 | 67-5 | 328-7 | 372-0| 8-6 I25°E | 23°5 23°5 | 9°5 | 29°4 | 100-0 18-6 | 51-4 | 93-8 | 17°4| 
hy | °S8eai i 
6rz | L. | 9 —_ —_ — — — | 22-8 | 31-8 | 71-7 | 42-52] 42? | 22 26°5 83:0/25 |24 | 104-2 | 127-5) — —|— — _ > —- _— — | 6:4? | 246-6? | 66-5 | 374°5 | 424°5| 6-4 3560 — - — | 98-8? ay | 2 = aa | oe 
612 | L. | | 394? — — — — — — — — — |23 32 71'9|27 |20°5|. 91-5] 99 139 |25 | 26:5] 64-1| — — — — — | 18-0] 7-0? | 217-2? | 67-7 | 335°5 | 380°5] 8-1 127°9| 27-6? — | 39°4 = = = a = 
613 | R.|2 | 344 330 | 34 | 340°5 | 32575 | 23-3 | 28-4 | 82-0 | 39 38 24? |27°5?] 87-3] 26-5] 23 | 115-4] 1165]30 | 23 | 26:5 | 76-7 | 64 S7U | 522 | 561 | 15-6 | 17-4] 65 | 182-2 | 71-3 | 286-8 | 328-0 | 10-9 119°6 | - 6-1 2 | i45 | 25°38] o7-4 18-6 | 46-9 | rx1-4 98-6 
614|L./9 — |3955| — —_ — |21-3 | 31-4 | 67:8] 42 42 25°5. | 30 85°0 |} 24 | 26°5 |~ 90-6 | 11775 | 32. (| 20°5 | 2575 | 64-1] — | 563 — |55°3?|182?] 19-7] 4-7? | 223-0? | 76-0 | 351-2 | goq-2 | 8-5 129° — — — | 27:2 | 100-0 S| 8 a gee 
616 R.| 2 | 434 415 425 | 429°5 | 409°5 | 21-r | 29°5 | 71°5 | 41°5 | 42 2675 | 285 93°0 | 30 | 26-5 | 113-2] 122 | 36 | 265 | 28-5 | 73-6] — | 6Go-r | 62-2 | 60-1 | 14-3 | 19:6] 6-7 | 247-7 | 70°5 | 374°9 | 418-1] 8-0 1234 12:0 135 |i 29°5 | ror-2 a = 
617 | L. | 2 | 436 411 420°5 | 429°5 | 406 25°38 | 32:2 | 80-1] 43 43 25 25 100°0 | 26-5 | 22-5 | 117-8 | 154 | 41-5 | 28 30 67°5| — | 62-3 | 585 | 61-8 | 17-9 | 20:3] 3-2 | 245°9 | 68-0] 365+5 | 420:0| 6-0 1400} 35:0 14 3 26-9 | 100-0 ~~ _ = 23:5 
618 | R.| g | 483 460 | 468-5 | 481 456°5 | 28-4 | 34°7 | 81-8] 50°5 | 50°5°| 27°75 | 30 91°7 | 28 | 27-5 | 101-8 | £27°5 — — | 615 — — | 61 | 278-0 | 81-8} 408-0 | 467-7] 7-5 13370] 11-8 & — | 100-0 =.) 24 we 
619 | R.| 3 ss ae || eet = — |27:°3 | 32:0 | 85-3] 48 48-5 | 25°5 | 36 70°8 | 31°5|28 | 112-5 /130 | — | 30 |33 | —-| — |67-8?),— | — | — | — | 6-7 | 263:2?| 78:0 | 3055 | 444-5] 8-4 7 | — — | — | — | 101-0 = ee} ae 
620 | L. | 3 | 433 41t | 419 | 432°5 | 411 26:9 | 365 | 73:7] 485 | 49 24 36 66:7 | 27 | 28:5] 94:7] 123 | 385] 28:5|29 |74:0]}78 | 50:3 | 63-0 | 588 | 17-0 | 17-6] 3:0 | 232:3 | 88-8] 355°5 | 421-0| 9:0 1330 | 33°0 | 11-5 | 40-5 | 31-3 | ror-o 18-0 | 49-4 | 113°8 1000: 
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ANOMALIES OF LONDON FEMORA. 


d=damaged bone, A =anomaly absent. Non-adult bones are included but not 
recorded as such in this list. The anomalies here recorded are: the third trochanter, 
the hypotrochanteric fossa, the crural trough and Poirier’s facet. I denotes for the 
third trochanter and the hypotrochanteric fossa a well-marked case, II that either 
is distinctly present and III that there is some trace if slight. C1, Cand Cm 
denote the same categories for the crural trough. a, 8, y in the column appropriated 
to Poirier’s facet mark the classes defined on pp. 91 and 92 of the text. A subscript r 
attached to @ signifies that the “excavation” type of facet is accompanied by the 
“erosion” appearance discussed on our p. 92. In some cases the “erosion” may 
be unaccompanied by sensible “excavation”; it has still been denoted by £,. 
A subscript / attached to a denotes that the facet was “ lipped”: see p. 91 of text. 
I attached to the a, 8, y in this column denotes a well-marked case, while 111 
indicates that there is some trace of the corresponding type of facet, if only slight. 
Combinations of the types can also occur and are indicated by using more than 
one of the symbols (see our p. 92). 


C. WHITECHAPEL BONES. 


: Hypotro- Bur Hypotro- at Ys 
: 3rd -_ | Crural | Poirier’s ; ‘ 3rd -, | Crural | Poirier’s 
No. (Side) Sex Trochanter panies Trough | Facet Newer sex Trochanter EEN Trough | Facet 
1) R. é Ii II Cu d 31 | R. 2 A A C ut But 
2/ RK. fe) A A (a Bt 32 | L. 3 4 A Crt d 
3 | R. | 29 d A d 33 | L. Q II A Cur A 
4/1. Q III A (6) 2A 34 | R. fo) II d 
5 | R. 3 III A C B 35 | R. | 26 II Tl C y 
6| BR. | 23 I III C 2A 36 | L. fe) A A C ur 2a, B 
CNR es II III C 1 Bid ST ils é Il I d 
Shel ce) i A Cut d 38 | L. fe) d A 2A 
Daledae 3 I A C Y 39 | R. é A A y 
10 | R. -2¢ Ul 2 Cc d 40 Tees A A B 
ID |) inp Q d A Gir, fel 41 | L. fo) A III d 
12 | L. 3 A A C B 42 | L. | 29 Ill A d, 
13 | L. 3 A A d 43 | L. Q II A Br 
14] BR. Q Il UI Br 44s S(t tt d A d 
15 | RB. 3 A A Cr a III, 45 | L. | 29 III A Cc d 
16) BR. | 2g A A C a 461K. | 2g III A B11 
17 | RB. ie) A Il Cc d 47 | R. 3 III Til A 
3s. 3 A A O 11 B 11 48 | R. |-?9 Til A Cc A 
LG) ave 3B Ill Ill Bur 49 | R. é A A d, y 
20 | L. 3 II A at 50 | R. | ?¢ d A d, B 
21) R. 3 Ii A Cc y 51 | R. é d Til C ut ¥ 
22 | R. é A II a, yI 2. | eS Il Tit a 
23 | R. 3 I A C ur at 53 | R. | ?¢ A A x 
24) L. ie) II A d, 54 | L. 3 A A C 1 A 
25 | R. é A A Cc @ TIE 55 | L. fe) A A C B 
26 | BR. Q A II O B 56 | L. Q I A y 
27 | L. 3 A Ul ¥ 57 | L. 2 A III By 
28) L. | ?9 ? II A Cc a III 58 | R. 3 A Il d 
29) Er. | 22 II A By ¥ 59 | R. Q il II B,I 
30 | L. 3 A A yI 60 | R. Q Ii IIL C ur ? 
K, P. ATLAS a 


ANOMALIES OF LONDON FEMORA (WHITECHAPEL) 
: Hypotro- perenne P Hypotro- Gaees) 
: 3rd - | Crural | Poirier’s ||. : 3rd -. | Crural | Poirier’s 
No. Side) Sex Trochanter peers Trough Facet No. |Side| Sex Trochanter bee Trough Facet 
61) R. fe) A A C11 Br 131] L. é A Til y Ul 
62i| 3h Wee I A C A 182] L. | 29 A A d 
63/L.| III A y IEE TR |S set 2111 C d 
64) Leak © d A Cm a 134| B.| 9 A A C BI, y1 
65|L.| ¢ 111 A B 135|R.| 3 A II d 
66; L. | Q A II A 136] L. | ¢ A A a 
67| BR. | @ IIL A (0% B 187) Gal 2s II A Cur a1, yI 
68| L. | 3 I A 2 138| R. | 24 I A d 
69/L.| 3 III A A 139| R. | 2¢ ao A Y 
70|L.| ¢ I A C Bp 140; L.| 9 II Ill Y 
alas: ||) II A oy 141] L. | 29 A il B 
72) Rem ne 211 A Cut ¥ 142/R.| ¢ It A a 
Ey a ie II A d 148} BR. | 2 II A A 
74 Bo II III d 144] L. |. 9 A A C11 (ees 
75) Lined II A v1 145/R.| 3 III wd y ur 
76) Le |) 3 A A d 146| L. | 9 A II ? 
Ty: Eds ps A II ¥ 147| RB. | 29 III A 6} ? 
78| R. | 29 A II d 148; L. | @ II A B 
79|'R. | 9 II It Out B 149; L. | 9 II A A 
80/R.| ¢ A A a 150] BR. | 9 A A A 
81| R. | 29 A II d 151| R. || 9 I A Cc But 
82) R. fe) A Til C ur Be 152} L. fe) A A Cc oy 
83| L. | 93 III A A 153| R.| ¢ a A d 
84); L. | II A C 11 B 154)\) Tas ers I A Cut B IIL 
851 L.) 4 It A Bin, y ||155|R.| A I C m1 B 
86] L. | 9 d A By 156| L. | 2g d A 8 
ST Re a A Ill (oe 157| R. B A A C 111 a, B, 
88| R. | ¢ II III B 158} L. | @ III A a 
s9| R.| 3 2101 A C 7 159/L.| ¢ III A a 
90| L. | og II A Bry ¥I ||160| BR. | @ II A @ d 
OL Reales A A C ¥ 161 Re) ee A II Cm B 
92| R. | 29 A Til C utr But 162| R. a I A yin 
98 ls. | -O A A Br 163) Rue eecs A III G B 
94|/ L.] 9 A Al C ut gut 164] R. | 2g II II By 
95 Tua) 6 It II 2 165) R.| 3 A A ao IIT 
OGileRe lees A A C yI 166| R. | 2g II A B 
OT Leg bo Ill II ¥ IG |) Wwe | & A I a, By 
98| BR. | 3g A A C m1 A 168] R. | A A C d 
QOnM Ea aus A A Out y 169)| L. |) 3 Il A A 
100} R. | ?9 A A C1 Bt 170] R. e Ill A Y 
101} L.| 9 II IIL Cc B aya en ae) II A A 
102] L. | 29 Ill II + UI 72) ne. A II C d 
103)| en et d Il A L731 A A Y 
104) L. | 3 IIL A G y 174| B. | 23 II Il a 
105 | L. 3 A A al,y GS) das 3é d II B 
106| L. | 2g I li B1 176/L. | ¢ A In A 
107} L. Q A A C utr Bur 177| L. 6 Il A Bi 
108/ L. | ¢ II A A L781 2) es d I C x 
109| L. Q I A A 179| RB. 6 A A C ur pm 
110} L. 3 A A UI 180} R. 3 d real OY 
111} Re} 2¢ d A C utr a, y1 181) R. 3} A a BI 
119) Deeks I II ¥ 182| B. | 3 A It A 
113/ L. | gQ d A 2A 193/L.| 3g III II B 
114; L.| ¢ d III G d 184|L.| ¢ III I a 
115/ L. | 23 Z A + II 185| L. | 29 A III d 
116; R.| II A C B 186; L. | ¢@ I A Cum B 
117) Bea) ae III A Cut A 187) Enis 1s A II A 
118] L. | 9 II A Gm | aa, 1ss| R.| 3 A II A 
119] L. | @ Ill A But 189| BR. | @ Ill A By 
120) RA III II a 190| L. | 2¢ A A Ox d 
121) R.| 3 A III Cur y ur ao] Lins II II lil C ur d 
122/ R. | ?¢ A ii C1 at 192) L. | A A a 
123) R.| Ill A d 193; L.| 3 Ill A Y 
124) L. | g IL A at 194| RB. | 3 IL A a II 
ileby| aR, II Ill he foeeh paeysy] als || 2g A A af 
126] R. 3 Ill A Cc at,yt 196| R. |? 3 A A Cm ati, B 
127; L. | @ II A Cm | a, Bry ||197| RB. | 3g A A C ut y 
128) L. | g A A BX 198; L.| ¢ I A Cin fepect 
129) Ti) 9 Til A y ur 199] R. ES Il I C m1 But 
130] R. | 29 d A d 200| BR. | ¢ It A d 


No. 


ae ae 
Hypotro- : apes Hypotro- Rape) 
: 3rd ~ | Crural | Poirier’s p 3rd - | Crural | Poirier’s 
pide ee Trochanter ee mee Trough | Facet Moa uta eeex Trochanter| Chanteric Trough |- Facet 
ossa Fossa 
R. é Til A Cc a, IIT 271| BR. g A II d 
ele 3 Ti fi C ur A 272 | R. 3 Til Ul C ut OY 
R. 3 A A A 273 | L. é II it d 
L. 3 II A B 274) L. 3 Il Il Cc a, 
L. fe) A A Brut 275 | R. 3 WUT A a 
L., é I A C 276} L. fe) Ill Til Br 
L. 3 II iI C B11 277) L. 3 A TI Y 
R. 3 A A a 278 | L. Q A A B 
L. 3 Til II a 279| R. Q A III Cc Brs ¥ 
Rosle d A B 280} L. é Ill Il OY 
iby é I TI A 281] L. | ?¢ Il A C ur a III 
R. fe) II A C A 282] R. 3 A I a 
10p Bs I II B 283 | L. Q I d yI 
R. é d A A 284] L. 3 Ill d B 
L. 3$ II I B 285] L. | ?3 d A Cin a 
L. S A si d 286 | R. ) A A a, B,I 
bao tars I Ul B 287} L. Q d i y UL 
L..| Q It A B 288] R. | 9 iI A Cut B 
L. fo) it Ii Cc B 289 | L. Q Tit A Bea 
R. é Tit I B 290) L. 9 I II A 
ie é A A Bur 291 | R. fe) d A OY 
R. é II I A 292 | R. é Ti I a, 
R. Q A A C ut y Ul 293 | L. fe) Ii A Cm (ig, ap 
L. & III Ii Cc a, B 294| R. é A A y 
Ro) 24 Tit UI C ur I 295 | L. fe) II A C Birr 
R. 3 III Tit C a 296) L. | ?9 Il A a, B 
LEB AN S A A Cc B 297 | L. A A Til C a 
R. é II IT d 298] L. | 29 it Il A 
R. 2 A A A 299 | L. 3 A A C ur B 
L. 3 III III B 300 | L. é I A C ut a 
R. é I Til a5 Br 301 | L. | ?9 II Tit By 
R. 2 ? TIT A C ur A 302] L. é d A Bs 
R. fe) d A d 303 | L. Bs A A at 
R. 3 A III B 304 | L. RK A A B, y 
L. 3 II I a 305 | L. é d A 6} B 
R. 2 Il A C A 306 | L. é A I A 
R. fe) A II y 307 | R. Q A A Cc d 
R. 3 lit Il C 111 OY 308 | L. Q A A a] 
es | ey III II Cc B 309 | R. 3$ A A C ut a, B 
L. | ?9 Tir II Ci B 310} L. é d Tr B 
R. é It A Cr Br 311) R. B A II at 
L. é II Il B 312) L. 3 Ii I B 
is é Til ant a 313 | R. 9 I A B 
R. Q II A C1 But 314| L. | 29 A A B 
R. é I Il (6 + 11 315 | RB. Q A A Cc A 
bey || PES A Il Cin put 316 | L. Q I A B 
R. | 29 d d d 317 | L. Q Til A A 
R. Q II Til B 318 | L. é A A Cc B 
L. | 23 A I d oH AGE | ES A A a, 61m 
iy 2 Til Il pur 320 | R. BS II A a, 
L. 3 eel A yI 321} L. Q° Ill A F 
L. e) II Tr Cur A 322 | R. 3 I A a 
R. Q A I d 323 | L. 3 Ill A By 
To he d A y 324/R.| og ? A A 
Role A A c ait |/325/R.| ¢g A A BI 
R. Q I A C 111 B 326 | L. 9 A A Cc Bp 
R. 3 A A Bi 327 | R. Q A A a, B, III 
Ets 3 TI A im 328 L. fe) I Tl C 11 But 
R. 3 II II Cin a 329 | L. é Til A C im Bin 
L. 3 A Tr Ci [oer 330 | L. é I A ‘a, yI 
L. 3 A A al,y 331] R. | 29 ? A a 
R. 3 A II ¥ 332] L. Q A A C d 
R. fe) Ill A Cc ¥ 333] R. 3 A Il d 
R. 3 IT A Cc y UI 334 | R. e) A A d 
L. 3 III Ul Cr ry I 335] L. | ?¢ A A Cc y 
R. 3 IT I d 336 | R. 3 A Til a 
L. 3 A I d 337 | R. 3 ? TIT A Cc at, 
L. 3 II A B 338 | L. fo) Ii A C ur ¥ 
L. 3 I II at, y 339 | L. 3 A A Bim 
L. 3$ d A at 340| R. é A Tit alt, B, 


ANOMALIES OF LONDON FEMORA (WHITECHAPEL) 


FEMORA (WHITECHAPEL) 


ANOMALIES OF LONDON 
Hypotro- hod phe 
. 3rd es Crural | Poirier’s : 
No, |Side} Sex Teachnnkes shane Trough Racek No. | Side 
341] R. | 29 iit A C 111 2 411| L. 
342|R.| A ul a, B,y || 412] L. 
343 | R. 3 A iil Cc Br 413| R. 
344 | L. fe) i A C 111 pur 414/ L. 
345 | RB. 3} II Il A 415| L. 
346] L. 3 I Il @ 111, 416| R. 
347| L. | ?¢ A A Cc Br 417| R. 
348 | R. 3 I A C 7 418) L. 
349| BR. | ¢ A A ¥ 419| L. 
350| R. 2 d iit Cm y 420) R. 
351|R.| 3 I A y 421) RB. 
352) R. 2 A A atu, B || 422] R. 
353) BR. | 238 A A C 111 OY 493| R. 
354|L. | 2 I II yur || 424] R. 
355| L. 3 A A a, 7 425| L. 
356 | R. 3 Il A C i a, yi |).426| L. 
357| L. | 29 Il a ym || 427| R. 
358|R.| 3 I A ay 498| R. 
359| BR. | 9 Il A aur || 429] L. 
360| L.| 3 A Il B,. 430| R. 
361] L. é Il A A 431) R. 
362| R. fe) Il A A 432) L. 
363} L. | d A d 433! L. 
364/ L. | 3g Til A Br, y || 434] RB. 
365 | L. 3 iit it a, 435) R. 
366 | L. é oe A B 436] L. 
367 | L. 3 A A a It 437) L. 
368] R.| 9 d A A 438) L, 
369| L. | 2 d A Bt 439) L, 
370| L. | 9 it A C B 440| R. 
371| R. ES A A ¥ 441} R. 
372 | R. é Til Il Y 442| R. 
373 | L. 3 iil A a, 443/ L. 
374| L. é A d C a 444] R, 
375| L. | 29 2 TI A By. 445| R. 
376 |/R. | 3 I A y 446| L. 
377|R.| ¢ Ri Il C d 447| L. 
378| R. |  Q 1 A Bp 448| R. 
379| R. | 29 Il A A 449| R. 
380| L. | 29 II au iC Bp 450| BR. 
381) R. ©) ALL, igo) y IIL 451) L. 
382 | R. fo) A A UI 452) R. 
383 | L. ce) d Til Bi 453) R. 
384|L. | g It A Bl 454] L. 
385|R.| 9 A A C d 455| L. 
386) R. | 29 ? 11 A C ur A 456) L. 
S87 dan 2 III A C y 457| L. 
388 | R. 3} Ut A Cc alll, y 458| L. 
389 | L. fe) II A Br» yur || 459] R. 
390] L. 3 A A a I1I 460) BR, 
391| B. | 29 A A Cc y 461| L. 
392| R. | @ Ul A A 462| L. 
393 | R. 3 d A A 463 | L. 
394 | R. ) I A d 464| R, 
395| L. | 23 A A 7 465| R. 
396] R. | 29 d A d 466| L. 
397/ L. | 3 A A B,t || 467| L. 
398 | L. 3 Tit Tit a, Y 468 | R. 
399 | R. é A A Y 469 | R. 
400| L. | ?¢ A A A 470| R. 
401) L. é Ur Til at 471| R. 
402] R. Q Ti A B 472| L. 
403} L. é A A a 473) L. 
404] R. 3 ill A a, By, y || 474) L. 
405} L. Q I A A 475 | R. 
406 | L. fe) U A ai, B,111,y|/ 476) L. 
407} R. a A Til at 477| RB. 
408] R. | ?¢ il I d 478} L. 
409| L. | 9 I Il A 479| L. 
410|R.| @ I UI C a,y  ||480) R. 


~2-= 


Sex 


“2.49 
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Ce) 


Cat} 


nO 49 
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3rd ae 2 en Crural | Poirier’s 
Trochanter Bosse Trough Facet 
C "4 a, By 
¥ 
I A d 
A A ? 
A A C 4 111 
A Til ay I 
fil A a, y IIL 
Tit I alu, y 
A A A 
II A d 
Tit Ir Br> ¥ 
Ii A C 11 OY 
Tit A A 
it A at, BI 
A Tit A 
A A ay, ; 
d A Cc A 
A A Y 
a aes : 
ay, 
A A a, ¥ 
II A B, 
II A ad 
A A A 
d A ay 
Hit A Bp 
Il A a,y 
Tit Ii C yI 
A A 6,1 
I A Cc A 
A A Bt 
A A Cc at 
2 5 C11 By 
Y 
A A y 
4 4 rah 
a 
il A A 
A A icpeas 
A 4 d 
I A But 
A A _@, PIII 
a a 8,1, y Ur 
a 
Il A att 
A Ill A 
A A By 
Til iit ay 
ne ie A 
a 
A Til By 
II A A 
A Ir A 
ebm 
; b a, 
I I 4 
A fit a 
Til Ii a, ¥ 
d A Cc d 
A A C 111 ¥ 
il A Cc Bun 
A II d 
IT A @iIl, y Ir 
ib A Cm 
A if Ci | ait, yur 
Til A y 
A A Cc y 
A A y II 
Til A A 
A A B 


ANOMALIES OF LONDON FEMORA (WHITECHAPEL) 


Hypotro- Paes Hypotro- ; Ban) 
( 3rd -, | Crural | Poirier’s : 3rd » | Crural | Poirier’s 
No. /Side), Bex Trochanter pee Trough Facet No, /Side} Sex Trochanter oe Trough Facet 
f 
481| R.| g A A Cc a 551) R.| 9 III A B, 
| 482; L. i) Til A A 552] R. | 29 I A C mm a, y III 
483} L. 3 A A a, + 553) BR. 3 A Til y IIL 
484) L. 3 A A C im a, y 554} L. ce) A A Cr d 
485} L. 3 I A a, B 555 | R. 3 it A Bim 
486| L.| 9 I A y 556] R.| 2 III A d 
487| L. | 23 A A a,y || 557|/ L. | 29 A A a, BI 
488| L. 3 A A B 558] RB. Q A It Ci | Pm, yim 
489; L.| @Q A A y 559} L. Q A A B, 
490; L.| @ Til Il y 560] L. 3 A Il C B 
491] R.| 29 A A C ut 2? 561) L. 3 II i Bi 
492] L. Q d Tl B 562] L. 3 A A Y 
493| L. 3 ? TT TI yI 563] L. | 2¢ II A a, BUI 
494; L.] og Il A d 564] R. Q II I A 
495| L.| 3 A A a,ymr ||565| R.| 9 A Il ¥ 
496} R. | 29 TI A OY 566] L. | 9¢ A A a 
497 |e A II d 567} L. 2 Il A Y 
498| L. | 23 A A 6. 568| R.| 3 A A y 
499| BR. | 24 III A Cc y 569| BR. | 3 A III B 
500} R. | 29 d A d 570| R. 9 III I a 
501] L.| @ A A am, y 571) L.| ¢ I Il A 
502] L. 3 I Til B, 111 572|/ R. | 29 A A yI 
503] L. 3 Ill Tit a, ¥ 573] R. Q TI Til Cin Brs ¥ 
504/-L. | ¢g Ii A a TI 574| L.| 9 d A d 
505| R.| ? ? III A Bp 575| RB. | 93 A A Cut a 
506 L.}| @ A A A 576; R.| g A A C1 
507| B.| 3 A A d S77/ B.|  g A Ill 7 UI 
508| R. 3 Hl A C i a, 578] L. é A A aI, 7 
509; R.| ¢ I A a 579| R. | 238 HI d B,t 
510| L.| 9 II A B,. 580| L.| & A Il B 
Bil ees A A 581| R.| 3 A A B 
612} L. | 9 I A ? 582} R.| 9 Ii I A 
513| L.| 9 Il II pi, y 1/583] L.| 9 I A ¥ 
514| L. | 9 II A 584| B.| 3 A A , Bpl 
SES Eales A A a 585} R.| 9 A I a, 
516} R. Q I A CO 1 2 586| L. fe) II A C ur a, B 
517] L. | 29 UI A Cm e 587} L. Q A A Cur A 
518| R.| 3 III A am, 8, ||588} L.| 3 i A d 
519) eo III Til 7 Tr 589| R. | 29 A A B 
520} L. Q II Il A 590) R.| g A Tit ? 
631i." o A A d 591| L. | 9 d IIL C d 
522) L. fe) A A B, 111 592] R. é A A ray 
523] L. | ?¢ d A d 593] R. a A A yI 
524| L.| 9 II III yr 594| BR. | 3 A x d 
525 | L. BS A A 8, TI 595 | R. 2 A A By 
526] L. fe) A A C ut at 596] L. Q A A C, 111 B11 
S27 Les I Ill a, v1 597 | Les II A at 
528| L.| 3 II III pir |/598| L.| 3 A A d 
529/ R.| 9 III A G pur ||599/ L.| 9 d A d 
530] R. é I A a III 600) R. Q d d d 
531| R.| 9 I A C 1 a IIL 601} L. | 29 A A C ur d 
532] BR. rs d Til a, 602] R. fe) II A C11 OY 
533] L. Q d Til B,1 603} R. | 2g ? TTI A d 
534| L.| 9 II A 604; L.}| 3 A A a, Y 
535| R. Q Tit A UI 605} L. | ?9 d A B 
536) Le | ge d A ait, yur |} 606) L. | 29 I A 8,1 
587; BR. | 3 A A a, y 607; R.| I A A 
eye abs an ee te | A Bpt 608; R.| 3 A II d 
539 | L. 3 I A Cin A 609) L. ie) A A A 
540} L. Q A A C But 610} R. | 29 I A C 11 A 
541] R. fe) A A Br 611} L. Q a A 7 Ur 
542] RB. | 23 A A pu |/612/L.} 9° d A d 
543] RB. 2 a A C ur A 613} R. Q A A G 
544} R. Q II A But 614} L. fe) A Ii OY 
545] R. Q d A Be 616) R. | @ A A y ur 
546} R. Q° A A Br 617} L. 2 A A yi 
547| R. | 29 A Il C B,. 618] R.| 3 A A Cut a, y 
548| R. | 29 I A a 619; R.| g II A c y 
549} R. fe) It A C ur Y 620; L. |. g 2 Il a IIE 
550] L. 2 A 1a Be 621} L, ie) I A A 
Bau eee) 


ANOMALIES OF LONDON 


FEMORA (WHITECHAPEL) 


| 

Hypotro- oaeats Hypotro- ey. ny 
‘ : 3rd -_ | Crural | Poirier’s : 3rd ~_ | Crural | Poirier’s 
No. |Side| Sex |prochanter ee Trough | Facet No. |Side| Sex lp, ochanter chaulces Trough | Facet 
622] L. BS A Any OY 662) R.| @ I A Bp 
623| L.| 3 Il A B 663| R.| g Il A By 
624] L. 3 d A a, ¥ 664) R. 2 A Til C ur d 
625| L. | 3 A II v1 665| R.| 3 III A y 
626) L. é I A at 666} R.| 2g Tit Il a 
627] Re || 279 Il A d 667| L.| @ Til Il But 
628] BR. | ?¢ A A Bp 668| B.| @ A A A 
629) Ee aes A A d 669 | RB. | child A A 2 
630| B.| @ A A A 670| L.| @ Il A Cum By 
631| RB. 3 A A a 671} L. 2 d A C ur Br 
632 | R. Q A A d HPF} We és A A OY 
633 | L. 2 I A C 111 Y 673 | L. fe) Ii A A 
624) Le | 9 A A ByI 674| L.| g Ill A yI 
635] R. | ?¢ A A B, 111 675 | R.| ?9 Tl A B 
636] R. | 2d A A a 676| R.| @ A A y 
Gatien ae ad A d 677 | L. a A Ill A 
638 | R. 3 A A Y 678} L.| A Til d 
639 | R. é A A y G79 Rae A iil d 
640 | L. Q ? TI A ry UL 680 | L. | child A A 2 
641| R.| @ A II B,. 681} L.| ¢ A IIL BpI 
642} L. a Tl Il a,yur ||682| R.| ¢ A A A 
643 | R. fe) Til A Byt 683 | R. fe) Til A C ir y 
644| B.| 3B Il I Cm yur ||684| R.| @ III II G d 
645 | L. ce) d II d 685} R.| 3 A A C a, ‘y TI 
646} L. | 23 II ant B,I 686} L.| 3 Ii A ¥ 
647} L. Q d A Cur OY 687 eines Til A B 
648| B. | 29 II A Cc d 688| R.| 2 A A Cu + 0 
649 | L. 3 It lil d 689| R.| @ A A OY 
650] R. | ?2 A A Cc d 690; R.| @ A A Cc ¥ 
651) RB. | ?¢ I Til A C32) I a rn A A d 
652) L. | ?¢ A I A 692) L.| @ II A By 
653|/L.| 3 III A Cur at,y ||693| B.| 29 III A But 
654| L. | 23 I Til C 11 B,1 694] R.| @ A A Cc Bp 
655 | L. 3} A A a 695) R.| ‘ff d A B 
656 | L. 3 d A a. 696) L.| ¢ A Tl d 
657/L. | 3 A A a, 697| L. | 23 d A y 
658 | R. Q A A C 111 Bp 698] L. | 23 A A o III 
659 | L. fe) A A C utr y III 699 | L. | child II A ? 
660| R. | 29 II A C By. 700/L.| d d d 
661) R. é A A a, Bp 701; R.| ¢ Til A Bur 


ANOMALIES OF LONDON FEMORA 


D. LIVERPOOL STREET BONES. 


Hypotro- piees Hypotro- une’ 
: ' 3rd -, | Crural | Poirier’s : 1 3rd - | Crural | Poirier’s 
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